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RECENT ARTILLERY TRIALS AT THE 
GRUSON WORKS. 


NBARLY all the nations of the world which maintain 
armies were invited to the great shooting trials which 
took place at the Gruson Works during the week be- 
ginning September 22 of this year, and the universal 
acceptance of these invitations seems to prove that 
the programme of operations offered a great deal of in- 
terest for engineers aud artillery men. It was, there- 


fore, a truly international gathering which was wel 
comed ou Monday, September 22, to the new offices of 
the Gruson Works, at the head of which is Geheimrath 
|Grason About two hundred guests were present; 
| military authorities from all countries, for, of course, 
leach state sent its most able officers to this interesting 
congress, Fig. 1 shows a few characteristic types found 
among the guests. 


pea were begun by the inspection of the Gra- 
son Works, opportunity thus being offered to see the 


works at Tangerhutte. The day was occupied by ex- 


Fie. 2.—QUICK-FIRING CANNON IN MOUNTAIN CARRIAGE. 


Fie. 3—12 CM QUICK-FIRING HOWITZER. 


Fie. 4—TELEPHONE CONNECTION WITH 
STAND FOR SPECTATORS. ANNOUNCE. 
MENT OF THE RESULTS OF THE FIRING. 


Fie. 8.—THE INTERIOR OF AN ARMORED 
CARRIAGE FOR A 12 CM. CANNON, 


= 
: | casting of a plate of hard cast armor plate weighing i ae 
| carriages to the shooting ground of the Gr Works, oe 
}near Buckau, where a number of armored gun car- 
. | riages and armored turrets were inspected. We will . 
‘ | have more to say about these latter, for the last day of / = 
| the trials was devoted to armored objects, Py 
| On the second day the guests were taken by a spe- r 
=a ~ & | 
Fre. 1.—TYPES ON THE SHOOTING GROUND 
a ; 
4 


12440 SCIENTIFIC AMERICAN SUPPLEMENT, No. 779. Decemper 6, 1890. 


Fie. 5.—QuicK FIRING WITH A 53 CM. IN A SHIPS CARRIAGE, WITH TORPEDO 
BOAT AS TARGETr 


Fie. 6.—TORPEDO BOAT AFTER THE FIRING. 


Fria. 7.—PORTABLE ARMORED CARRIAGE FOR A 53 CM. QUICK-FIRING CANNON. 


Fie. &—ADJUSTABLE ARMORED CARRIAGE POR A 33 CM. QUICK-FIRING CANNON, 


periments with eight quick firing field guns. Here, as 
everywhere, the greatest interest was excited by ex 
tremes; that is, the smallest and the largest of the 
guns undergoing trial. The former was a little moun 
| tain gun which was brought forward packed on two 
horses, and in a few minutes was made ready for fir 
ing, and immediately aimed at a target more than 3,000 
‘eetaway. Fig. 2 represents this cannon, which was 
manipulated by two men, and at the same time shows 
the simple but suitable uniform of the artillery men at 
the Gruson Works. Io Fig. 3 we see the largest of the 
field guns presented, viz.. a 12 em. quick firing howit- 
ter, which was found interesting on account of its 
peculiar mounting, its trunnions being at the rear end 
of the tube, instead of ip the center, as is usually the 
Case 

This cannon was fired at field works more than 
9.000 feet distant, with good results. The special fea 
ture of the tests at the Gruson Works was that ordi- 
pary targets were not used, but their place was taken 
by such objects as would be found on the field; for in- 
stance, field works, batteries, suddenly raised defenses, 
ete. The experiments were tests, not only of the ar 
| tillery materials, but also of the men of the works, and 
| were, therefore, all the more surprising to the specta- 
jters. According to the programme, the result of each 
action Was communicated to the battery by the tele- 
| phone, and the commander of the firing gave his or- 
|dersin the same manner. Fig. 4 shows the battery 
telephone in working order. 

The next day was spent in testing five long, rapid 
firing guns in carriages for ships’ decks. These cannon 
/are to be used principally for defense against torpedo 
boats, and are. therefore, preferably fired with hard 
steel shells. The target for this experiment was the 
forward part of a torpedo boat wade of steel plate. 
Fig. 5 shows the 5°3 em. quick firing cannon which was 
chosen for this test, and which sent thirteen shots 
through different parts of the torpedo boat iu half a 
| minute, so that it would, certainly, have disappeared 
|from view if it had pot stood on terra firma. Fig. 6 
shows the “ wreck” during inspection. 

The smallest gun tried on this day was a 3°7 cm. 
rapid firing cannon ia a ship's carriage. The beauty 
of this little gun would give the impression that it was 
only for ornament, but it proved itself a dangerous 
weapon When aimed at a target more than 3,000 ft. 
away. 

Tue largest ship's cannon was a 35 caliber long, 82 
em. rapid firing gun, for which a target was placed 
at adistance of about 8.000 ft. On the next, the fourth 
day of the trials, four so-called casemate guns, of 47 
to 75 ealiber, for the protection of fortresses, were 
tested. They were directed against ditches the walls 
of which had been marked by plates so as to test the 
working of the cartouches, and toward targets arrang 
ed to simulate infantry columns, for which they were 
loaded with sharp shell. The targets were placed at a 
distance of about 4,000 ft. 

At the close of the day guns of that class which has 
eaused so much discussion since the maneuvers of last 
year, viz., rapid firing cannon with portable armored 
carriage, were brought forward. Fig. 7 shows such a 
one being transported. A gun of this kind can be 
used without even unbharnessing the horses, if neces- 
sary, or itcan be sunken into the ground, or put in 
any place made ready for it, so that only the revoluble 
roof is left visible. The gunner is inside, and is thus 

rotected from any flying shots while he is taking aim. 

here were three different kinds of these armored 
carriages. 

Taking into consideration that the Gruson cannon 
ean easily fire 40 or 50 shots in a minute, the rapid fir- 
ing gun with the portable armored carriage is a 
terrible weapon. 

The last day, like the first one, was devoted to the 
inspection of armored objects, many of which were 
very interesting. That which attracted most attention 
was the sunken arwored carriage which rises sudden), 
out of the ground as if by magic, fires, and then disap- 
years again before the enemy is ready to take aim at it. 
We saw armored carriages of this kind provided with 
heavy 12 cm. cannon as well as with the light quick 
firing guns. Fig. 8 shows the interior of an armored 
earriage fora 12 cm. gun, and from it we see that it 
is not as uncomfortable a habitation as one might 
suppose. 

‘ig. 9 represents an armored carriage for a quick 
firing gun just at the time when it has risen from the 
ground to open its destructive fire upon the approach- 
ing enemy. 

ln Fig. 10 we see a so-called ball mortar, which is not 
a wortar in which round shot is used in the good old 
fashioned way, but one which has a tube provided 
with a ball-shaped armor that completely closes a 
round cavity formed in a horizontal plate. At the first 
Gam, such a wortar certainly has a strong resem- 

lance to a turtle, but its comical appearance is for- 
gotten when the excellence of its operation is under- 
stood. 

Our fast illustration, Fig. 11, shows the largest of 
the armored objects visited on that day, that is, an 
armored turret for two 15 em. cannons, such as has 
been much talked of lately, because the recoil of the 
cannon is here entirely overcome. The ease with 
which this great structure tarns is astonishing, re- 
quiring only 41 seconds to make a complete revolu- 
tion. Unfortunately, we have not sufficient space to 
perwit of mentioning all of the objects inspected on 
that day, but we will refer to the 21 cm. howitzer in 
an armored carriage. which was the only weapon that 
was not fired with smokeless powder. The congress 
was closed by the firing of a 12 em. howitzer in an 
armored carriage, which latter was set up from its 
separate parts in Jess than an hour and a quarter. 
on that day, and this was accomplished with the 
simplest tools. 

As one would infer from the description of the trials, 
the shooting grounds of the Gruson Works are equal 
to two arsenals which are so well supplied that a 
thorough inspection would absorb a great deal of 
time. 

To the manufacture of hard, cast armor plates was 
added the production of armored carriages, and the 
latter led to the manufacture of rapid firing guns for 
arming the carriages, and so to-day the works offer an 
opportunity for the careful study, not only of means 
of defense, but also of some means of attack. In clos- 
ing our report we would say that, judging from ap- 
pearances, no guest went away dissatisfied, and cer- 
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tainly the directors have every reason to be satisfied 
with the excellent resuits of their test shooting. - 
Illustrirte Zeitung 


LOADING MATERIALS AND THEIR USES. 


LOADING materials are defined as those substances 
which are added to the pulp in the beater engine, other 
than pure fiber. and which consequently do not felt 
together, forming the texture of the sheet of paper. 


The opinion is frequently expressed by large con- | 
sumers of paper that the so-called loading materials | 


are added to the pulp in order to increase its weight, 
aod thereby augwent the profits of the manufacturer 
When they are used, cheapness is aimed at rather than 
quality of product. Paper is applied to a multitude of 
purposes, where great durability is pot essential and 
where cheapness is a necessity before all other require- 
ments, 

The chief requisites of a loading material are that it 
is in a fine state of division, is not acted on by alkalies 
(resin size), chlorine or acids and does not act disadvan 
tageously on the fiber by altering the strength of the 
sheet of paper. 

Inorganic and orgarie substances are both used for 
loading. The former are mainly mineral earths, while 
the latter are ground wood (mechanical wood pulp) 
and waste paper. The latter is prepared by grinding 
very bard sized papers for a long time to a fine powder. 
The nature of the loading material, and the mode in 


which it is added to the pulp in the beater engine, in-' than 0 per cent. 


Fig. 10.—21 


Fie. 11.—ARMORED TURRET USED AS A STAND FOR SPECTATORS. 


fluences to a great extent the strength of the paper. 
The resin size and starch both assist in fastening the 
loading in the ber, which, in consequence, loses in 
softness and suppleness. The finished paper possesses 
less strength, as the felting capabilities of the indi- 
vidual fibers are reduced. The quantity of loading 
substances which can be used depends upon the 
weight and strength of the paper to be made, and also 
on the nature of the loading itself. 

It is necessary to acd loading materials to many kinds 
of paper, in order to inerease its absorptiveness. Ordi- 
nary news printing paper contains as much as 85 per 
cent. loading, in the form of mechanical wood pulp 
and mineral substances, and 15 per cent. of pure fiber. 
These substances serve to increase its weight and its 
power to imbibe the printing ink. The preparation of 
such papers requires much experience, as the large 
amount of ground wood ordinarily used makes the 
paper harsher than is desired for the printing type. 
An addition of some mineral matter is therefore em- 
ployed to diminish the degree of harshness, and in- 
crease its absorptiveness. The small addition of strong 
pulp (pure fiber) and the consequent low strength of 
the paper makes it difficult to hit the exact proportion 
to be used. Experience and long practice can alone 
guide one to gunk tcaatte. Clay, for example, is added 
in isolated cases, up to as much as 50 per cent. The 
paper thus produced absorbs the ink well, and is easily 
ealendered. It yields good printing impressions and 
the color or ink dries quickly. Soft sized paper of this 
composition throws off dust, however, during the 
printing, and easily smears. 

inerals aiso 


Mi are to the pulp to give the paper 


greater whiteness. The bright appearance which many ' 

pers possess in these days, and which are produced | 

rom sulphite wood pulp, is increased by the addition 

of loading minerals. Medium fine writing papers hav- | 
ing this appearance should be free from mechanical 
wood pulp, refuse fiber and minerals. Cotton has the! 
sate properties and must also be taken for thin papers, | 
as paper waste and mineral substances par* with the! 
water but slowly, so that the web of paper adheres too | 
much to the couch roll or wet press. 

Mineral and orgauie loading substances give to the 
paper a beaatifal clear transparency. The cloudiness 
ee by too long fiber is diminished by their use 

n paper prepared with clay, a low pressure suffices for 
producing the necessary gloss and smoothness. Clay, 
however, absorbs moistare from the atmosphere, and | 
as quickly parts with it again on change of tempera- 
ture, so that the gloss and smoothness of the paper | 
rapidly disappear 

China clay, a loading material in great request 
among paper makers, is obtained free from sand and 
grit, from the native clay, by repeated washings. It is 
almost free from iron. Next to mechanical wood palp, 
it is the moet extensively osed loading in the manu- 
facture of printing papers. Its color, somewhat yel- 
lowish at times, answers well the purposes to which it 
is applied. It is mixed with water to the consistency 
of thick cream, and is then simply added to the pulp 
for unsized papers. The loss in the paper machine 
under such circumstances is large, sometimes more 
To reduce this loss in the prepara- 


CM. BALL MORTAR IN ARMOR STAND. 


tion of soft sized, ¢. g., ordinary printing paper, the 
China clay is first voiled up with stareh and frequently | 
with resin size. The fine particles of resin and mineral | 
float in the thick fluid, absorb the resin size and fasten 
themselves on the fiber. The thin layer of pulp next 
the wire on the wire cloth more effectually prevents 
the clay passing away with the water; thus prevent-| 
ing undue loss. 
n the preparation of hard sized rs and of writ- | 


| ly in motion. 


the paper is glazed, its surface is covered with fine 
glistening particles of annaline. When prepared by 
washing the ground mineral free from grit,and mixing 
with starch or resin size, it does not give the sare re- 
sults as China clay. It is impossible by the most per- 
feet sifting to obtain it in such a fine state as clay, and 
as its absorptiveness is less, it is not so much employed 
for loading printing papers. For writing paper it is 
better adapted—yieiding a somewhat less ragged ap- 
pearance and firmness — Papier Zeitung. 


PAPER PULPS. 

THE woods that are used in the manufacture of 
paper are treated in two different ways, one mechani- 
eal and the other chemical. In the first, soft woods 
are especially employed, such as the aspen, poplar, ete., 
and in the second, the fir, and particularly the silver 
fir, which fornishes a very pure cellulose, 

The mechanical pulp is obtained by abrading, on a 
horizontal grindstone, billets of wood 12 inches ja 
length, arranged in cells, and held in clamps against 
the perimeter of the stone. A continuous current of 
water carries along the pulp formed, which is further 
refined by another mill before it passes to the lixivia- 
tors. Norway, which, as is well known, is widely cov- 
ered with forests, furnishes Europe with a very large 
quantity of mechanical wood pulp. 

The chemical pulp, which was formerly made by 
treating wood with caustic soda, is now almost univer- 
sally obtained by the ase of bisen!phites, and partiecu- 
larly of bisulphite of lime. The process, which ap- 
pears to have been first adapted to industrial prac- 
tice by Dr. Mitseherlich, has received various im- 
provements in Sweden. Austria,and France. It gives 
more economical results than soda, because of the 
much tower price of the bisulphite of lime. 

The wood, which is in general that of the silver fir, 
is washed and decorticated, and then cut by a circular 
saw into billets three feet in length, and finally split 
by amachine. In this state, through the aid of an in- 
clined box, it is presented toa mechanical cutter, com- 
posed of a cast steel disk provided with two radial 
steel blades, and revolving with great rapidity. This 
machine furnishes 35 cubic feet of wood shavings in the 
space of six minutes, and these shavings are thrown 
into baskets, whence they are afterward taken and 
one upon a wide table provided with a grating 
through which the dust passes, The remains of knots 
or bark that would not be well adapted for treatwent 
with alkali are carefully picked out by women. The 
shavings are then taken to the first story in baskets, 
and put into the lixiviating apparatus, As the latter 
presents a few peculiarities because of the extremely 
corrosive action of the bisulphite of lime, we shall first 
speak of the manufacture of the bisulphite. This is 
obtained by the reaction of sulphurons acid produced 
either by the roasting of pyrites or by the burning of 
sulphur upon a column of limestones. The gas tra- 


l verses this column from bottom to top, and the reac 


tion is facilitated by a showering with water in the op- 
posite direction, and so regulated as to give a lixivium 
of a proper density. 

The bisulphite formed is collected at the base of the 
column. It is a colorless liquid, of an odor as suffo- 
eating as that of sulphurous acid, and attacks all the 
common metals except lead. So the iron plate lixivia- 
| ting apparatus have to be provided with a lining of ce- 
|ment, upon which are laid several sheets of lead. Be- 
sides, they are inclosed in masonry of refractory 
bricks, which are themselves covered with lead, and 
allthe openings for the introduction or removal of 
material are lined with the same metal. 

These apparatus, which are of a very large capacit 
(1,400 to 1.800 cubie feet), are stationary or rotary. A 
worm made of an alloy of lead and antimony permits 
of the introduction of steam into the apparatus, in or- 
der to raise the bisulphite to a temperature of 120°, 
but, as the steam might blaecken certain parts of the 
| pulp, it is introduced either threugh a double bottom 
or through lead worms with which the sides of the ap- 

paratas are provided. 
The reagent removes the gammy and resinous sub- 
stances, and these are retained in a residauwm of sulphate 
of lime, while the cellulose remains in a practically 
pure state. Inordertofree it from the last traces of 
acids and resinous substances, it is washed with water, 
| without any trouble being taken to collect the residua 
| which have no value. But the cellulose, which has 
| preserved the appearance of wood, must be reduced 
to a finer pulp in order that it way be pumped to the 
purifying apparatus. So, on coming to the lixiviating 
apparatus it passes into large vats, where it is submit- 
ted to the action of an agitator that keeps it constant- 
From thence it is foreed to the purifiers, 
which comprise the collectors (long wooden conduits, 
in which the heavy matters are deposited), and the 
sifters, which consist of boxes with a movable bottom 
provided with apertures that let the good pulp pass, 
and retain all else. 

The pulp is finally drained in conical rotary sieves, 
and can then be directly employed for many papers, 
such as those on which journals are printed, colored 


papers, ete. 
However. it has to be bleached by the mixtures de- 


ing paper, the addition of China clay is limited. The | signed for the finer papers. To this effect there is now 
more clay added to such papers, the less resisting are| used a very ingenions process of electro-chemicai 
they toward ink, because the clay itself absorbs a| bleaching devised by Mr. E. Hermite. It consists in 
quantity of resin size. The resin and resinate of | the decomposition of calcium or magnesium chlorides 
alumina are altered and are not so suitable for sizing| by the passage of an electric current. This forms a 
the paper. A writing paper was sized with 3 per cent. liquid possessing a most intense decolorizing power. 
resin without the addition of clay, but when loaded In the presence of the vegetable fiber, the — 
with clay as mach as 7 per cent. resin was necessary. | salt is regenerated in measure as the bleaching pro- 
When clay is introduced into papers, their “‘ body” | ceeds, so that at the end of the operation the same 
and appearance are altered. bath can be used again. The sole loss of chloride is 
Hard sized papers are prepared with ground gypsum | what the fiber has taken from the bath. The entire 
(native sulphate of lime) or “annaline.” Gypsum, un-| expense, then, is reduced to that occasioned by the 
like China clay, does not absorb the resin size, and, con- | production of the motive power necessary to actuate 
sequently, it allows the fiber to receive the full amount | the dynamos, and the keeping of them in repair. 
of size. Nor does it absorb moisture from the air,anpd,, Finally, we may consider the waste of paper mills or 
therefore, the finished paper does not lose its gloss and | that of the industries that employ paper as a subeti- 
smoothness so readily. Annaline has also a very pure | tute for rags. Old papers are always sorted before be- 
white color, which it communicates to the paper. In-|ing used. Those containing printed matter are first 
deed, the value of annaline depends upon its whiteness | treated with soda before being refined, and then 


and upon the degree of fineness to which it has been | bleached with chlorine. 
ground. The finer it is, the better it answers as a load- 
ing material. Low or poor qualities yield a rough 
paper, and there is much loss oceasioned by settling in 


the sand trap of the paper Besides, w 


They are afterward taken 
to granite millstones joined in pairs and running ver- 
tically over a third and horizontal stone Inclosed in a 
east iron vat, into which water is run while the waste 


is being thrownin. The same operation is applicable 
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tothe Norwegian mechanical pulp, in order to render 
it finer and wore homogeneous. 

The various pulps that we have just examined, being | 
obtained either in the same will or purchased outside, 
have to be wixed according to the qualities that it is 
desired to obtain. Delicate fibers, like those of cotton 
rags, yield a thin pulp and flexible and soft pa ver. | 
Coarse and strong Abers, like those of hemp and flax, | 
furnish a thick pulp and a transparent and smooth 
paper. Mechauica! wood pulp, the fibers of which are 
very short, adds opacity and body, but quickly be- 
cowes yellow. Cellulose, which forms chemical wood) 
pulp, furnishes an excellent paper, silky and soft to} 
the tonch and well adapted for printing Straw pulp) 
has shorter fibers than those of the preceding, bat! 
gives transparency aod uniformity. Finally, alfa 
comes nearest to rags, aud constitutes the substitute 
therefor par excell: nee 

The mixture ie made in beating engines, which are 
established in series of three. It is in these apparatus 
that the paper is sized in order to render it impermea- 
ble to ink. The sizing is done with a resinous soap 

repared by melting resin with carbonate of soda. 

he addition of a little alum to the vat precipitates a 
resious compound of alumina, which agglutinates the 
fibers. 

A weighting composed of kaolin, plaster, sulphate 
of baryta, etec., is used for common papers, of which it 
corrects the transparency and to which it gives white 
ness. From 5to 20 per cent. of fecula is generally 
added to it, in order to tix it better to the fibers. 
Finally, the coloring, when pulps formed of colored 
rags are not used, which is most generally the case, is 
done by pouring the colors into the vat through a very 
fine sieve, or through flannel. The invention of ani- 
line colors, which are always soluble in water, has 
made this part of the manufacture easy ; but these 
colors are unfortunately sensitive to the action of light. 


—Kuhlow. 


SULPHITE PULP BOILING. 

AN anonymous writer in the Papier Zeitung, No. 72, 
September 7, 1890, referring to the very interesting ex- 
periments of Mr. Thilmany, Kaukauna, U.S. A., on the 
treatment of different kinds of wood in the bisulphite 
pulp manufacture, an abstract of which appeared in 
the Chemical Trade Journal, vol. vi., 1990, pages 305, 
804, gives the following account of a series of experi- 
ments done iv the laboratory, on the action of sulphite 
lyes, of pure aqueous solution of sulphuroas acid, and 
of aqueous solutions of the sulphites of calciam, barium, 
magnesiam, sodiam and potassiam, upon wood and 
other raw fibroas materials. 

With the exception of the Pinus maritima and the 
sugar and Spanish cane (Saccharum offcinarum and 
Calamus rodeutum), the other woods and fibrous plants 
were all grown on German soil. Asshown inthe tables, 
most of the experiments were carried out at a tem pera- 
ture above 100° Centigrade. In each test the wood 


and lye were placed in a glass tube, hermetically seal- 
ed, and then heated to the required temperature in an 
oven, The glass tubes easily withstood a pressure of 
from 8 to 4 atmospheres, and were cooled before open- 


i 
“The experiments conducted at a temperature below 
100° ©. were made in small glass-stoppered tabes, and 
heated in a water bath. 

The following tables embody the results obtained: 


“PINUS SYLVESTRIS.’ 


Time Temperature 


Specific 
Culcium sulphite lye) — | 12] 110-130 | half soft | 
a _ 2 | about 130 | sufficiently | on 
boiled 
6 1246 | on 
” 6 1246 ~ 
ro7| 6 126°3 
Barium sulphite lye| — 6 hard, | two tests 
brittle | 
6 126°3 not quite | 
boiled 
1025 16 32 tough 
Aqueous sulphurous, 
12 | 110-130 hard, 
brittle 
— | 12 [about 130] strongly 
corroded 
” 1025] 16 72 
once again oo 78°3 tough | “twice boiled 
Aqueous sulphurous, 
PINUS STROBUS.” 
Calcium sulphite 12 | 110-130 soft 
12 | about 130 lover boiled) above test 
boiled again 
— | 12 | about 130] boiled 
108 | 6] 120-130 ” - 
— | 12] 110-130 hard 
— | 12] about brown, | the last test 
powder was 
boiled twice 
“PINUS MARITIMA” 
c.c. calcium! 
sulphite lye ....| about | 36 1136 hard 10°4 grm. 
6° Bé wood 
“B32 cc. calcie 
sulphite lye ....) 6° Bé} 36) 1136 [brown,hard) 148 grm 
wood 
sulphite lye ....| 6° jo wood 
Test “A” with fresh) 
t2 116 half boiled} 2nd time 
boiled 
Test “C” with 
6° Bé| 12 116 still not 
quite bowed: 
Test “A” again with 
lye ta} soft, bat mot 3rd time 
completely 
boued 
Tex “C” withy 
6° Bé) t2 | 116-017 
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Specific Time Temperature) Boiled 
Lye Gravity | Went, ee. | Remark 
“ ABIES EXCELSA 
Calcium sulphitelye|  — 12 boiled - 
| 6] 120-130} - 
O75 6 124 two tests 
106s) 6 126°3 | 4 with 1% AL 
1065) 6 126°3 NaCl. | 
36 c.c. Calcium sul | j 
phice lye POSS) 6 126°3 6 grm. wood 
iooc.c. Caicum sa 
phite lye ...... 1075 6 125 ee 
120¢.c. Calcium sul 
phite lye ...... - 2 18 slight 
} attacked 
22 c.c. Calcium sul- 
phite lye 6} not com- 
(SO, of sp. gr pletely 
saturated 
with lime.) 
25 c.c Calcium sul 
phite lye 6 1264 [well ,, 
(SO, of 
1°03 with less 
lime.) 
a2 ¢.¢. Calcium sul- 
hite lye ...... 8) 1 black. 
SO, of sp. gr.| brown caso; separ- 
1°03 + 2 little) completely ated out 
CaSO,.) destroyed 
20 c.c Calcium sul 
phite lye ...... 8 150 bright jO'9grm. wood 
(SO, of sp. gr. brown, quit 
1°O3 saturated soft, over- 
with lime.) boiled, cov- 
ered with 
hard crust 
of CaSO, 
14 c.c. Calcium sul 
phite lye ...... tos | 36 1166 white, wello'25,, ,, 
boiled 
83 ¢.c. Calcium sul- 
phite lye ...... 10s | 36 1166 welllo7o,, ,, 
boiled 
85 c.c. Calcium 
ros | 36 1166 jwell boiledi2‘2 ,, 
21 Calciumsul-| 
ite lye ......) 1166 
CaSO, dissolved in| 
6 126°3 - 
Magnesium hite! 
| | 12] 110-130 /brown, soft} - 
Magnesium sul phite 
| = | | about 130/ boiled 
joc.c. Magnesium 
sulphite lye ....) 101g} 6 1266 | nearly grm. wood 
| 
Barium sulphite ..| — 6 1246 | tough, two tests 
| destroyed 
Potassium sulphitie | — 12 | about 130 boiled 
Sodium sulphite ... — 12 » 
Ordinary aqueous, 
*“*LARVX DEcIDUA.” 
Calcium sulphite . i « 12 110-130 tough - 
Ordinary aqueous) 
SOg — | 12 | 110-130 | hard and 
| brittle 
SYLVATICA. 
Calcium sulphitelye| — [| 12 | 110-130 | quite soft 
Banum | 16 72 brittle 
Aqueous SO, ...-| — | 12] 110-130] strongly 
corroded 
BETULA ALRA. 
Calciumsulphite lye} — | 16 72 | scarcely 
attacked twice 
again 1s tough boiled 
POPULUS. 
‘alcium sulphite | — | t2 | about 130 | sufficient 
| 6| 120-1 ” 
e 6 124°6 ~ 
Bartum 124 
= boiled two tests 
SO, .. 12 | about! wa— 
Aqueous SO, jo 
ABIES CANADENSIS. 
9 c.c. calcium sul- 4 
phite lye ......} 106s) 1 sufficiently} 1°9 grm. 
8 cc. calcium sul- 
phite lye ...... 6 1266 3 
¢.c. calcium sul 
phite lye ses] POG] 6] 1266 | not quite 
35 ¢-c. calcium sul- 
phite lye ...... 6 126°6 
¢.c. magnesium 
sulphite lye ....] rors, 6 1266 | still, not 
boiled 0°27» 
12°§ cc. barium 
sulphite lye ....j 101s) 6 1266 brown, 
12 » 
4 oc 
sulphite lye ..../ 6 1266 | somewhat 
soft 
$°$ sodium sul 
ite lye ...... 6 126% | do., over 
133. 
4¢.c. aqueous 
ome, | 6 1266 brown, 
brittle ov7,, 
@c.c. aqueous SO, 
(ordinary) ...... | 6 1266 o67,, 
— 


Time} T 
| =| Bosled 
QUERCUS ROBUR. 
Calcsumsulphite lye} 1:08 | 120-130 
Calcium SO,, dis- 
solved in — 126-3 | still, not 
Sodium sulphite lye} — | 12 | about 130/ half soft - 
LINUM USITATISSIMUM (FLAX), 
Calcium sulphitelye} 1°08 | 6 | 120-130 | sufficiently 
boiled 
16 72 somewhat boiled 
soft again 
- 
second time ....) — | 15 78°3 | still tough | boiled twice 
ORDINARY STRAW. 
Calcium sulphitelye| 108 | 6 | 120-130! so 
Jarium 16 | 72 somewhat 
j | soft 
Aqueous SO, ....| 1025] 15 783 not quite boiled a 
i | | boiled second time 
| boiled 
SACCHARUM OFFICINARUM (SUGAR CANE). 
Calcium sulphite lye! — 12%) 120-130 | overboiled 
12 | about 130 | sufficiently 
boiled 
15 | 78°3 tough 
Barium 55 — 783 tolerably 
| | soft 
Aqueous SO, ....] — | 12 about 130 | sufficiently 
| | boiled 
CALANIUS RUDENTUM (SPANISH CANE). 
| 
Calcium sulphitelye| 1°08 | 6 | 120-130 | sufficiently 
} } boiled 


Both of the tests of Abies excelsa were intentionally 
heated to 150° C., and as cellulose manufactarers ex- 
press themselves, were ‘‘over-bviled,” that is to say, 
|the action of the lye was too great, due to too long 
| boiling, or to too high a temperature. Sulphite of 
lime separated out as a precipitate in both cases. 

The barium sulphite ao used in the experiments 
were formed by Cissolving bagium oxide in aqueous 
sulphurous acid, and were very weak, as sulphurous 
aeid dissolves but little of the base. 

From the experiments the author arrives at the fol- 
lowing conclusions, viz.: 

In the boilings conducted below 100° C., all the wood 
experiments remained hard and tough. The other 
—— plants, ¢. g., flax, straw, ete., were only half 
soft. 

In those experiments conducted above 100° C., the 
woods treated with pure aqueous sulphurous acid were 
brown, and all tests, besides Abies excelsa populus and 
sugar cane, Saccharum officinartum, remained hard or 
were brittle. On the contrary, the woods treated with 
metallic sulphite lyes were mostly white. With calcium 
net te lye nearly all the woods were soft, white, and 
sufficiently boiled. Excepting Abies excelsa, the whitest 
was the populus, while Larya decidua (larch, a strong- 
ly resinous wood) rewained tough. Pinus maritima 
always remained hard and yielded a strongly aromatic 
odor and asticky or viscous lye toy robus (oak), 
as is well known, is with difficulty boiled by the bisul- 
phite methods. W‘th magnesium, potassium and sodi- 
um sulphite Ives, the wood remained almost always 
soft, or tolerably soft, while with weak barium sulphite 
lye the woods were tough and hard. With this reagent 

fe was easily boiled, yielding soft white fiber. 
—Chem. Trade Jour 


THE NEW HYDRAULIC LABORATORY OF THE 


MASSACHUSETTS INSTITUTE OF TECH- 
NOLOGY. 
By GrorGE F. Swary, Hayward Professor of Civil 


Engineering. 


THE erection of the new engineering building of the 
Institute of Technology, to be occupied by the depart- 
ments of Civil and Mechanical Engineering, offered an 
opportunity for a considerable extension in the engi- 
neering laboratories, and an attempt has been made to 
improve this sopectanns by laying the foundation for 
a laboratory for bydraulic experiments, which should 
be so arranged as to permit of the carrying out of any 
experiments in hydraulics which it is practicable to 

rform within walls. Hydraulic experiments on a 
arge scale must necessarily be performed out of doors, 
since the measurement of large quantities of water re- 
quires apparatus and appliances which cannot be ac- 
commodated within a Thus, the weir experiments 
of Mr. Francis, at Lowell, were made by taking the 
water from oneof the canals, and using a lock asa 
measuring basin. Thoseof Messrs. Fteley and Stearns, 
at South Framingham, were wade by using a portion 
of the Sudbury River Aqueduct as a measuring basin; 
the orifice experiments of General Ellis, at Holyoke, 
were made in connection with the fall between two 
levels of the canal at that place ; and the recent elab- 
orate and careful experiments by Mr. Freeman on the 
flow of water through fire hose, the discharge of noz- 
zies, and the height of jets were made at wrence, 
where the hydrant system of one of the mills, as well 
asthe city water supply, could be wade use of. 

But while experiments such as these are clearly ex- 
cluded from among those which can be made in con- 
nection with a hydraulic laboratory in an institution 
of learning, there remain a large nuwber which can 
| properly be conducted within doors with the aid of 
suitable apparatus, and which, though they may be 
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on a small scale as regards the quantities of water ew- 
ployed, nevertheless offer a large field for scieutific in- 
vestigation. The new laboratory of the institute, as 
already stated, has been planned with a view to afford- 
ing opportunity, as the work is extended, for carrying 
on any experiments which are thus practicable; that is 
to ong in the following directions: 

1. Experiments on the flow throagh orifices of small 
size, both free and submerged, and either sharp-edged, 
rounded, or fitted with inside or outside mouth pieces 
of various kinds, and under heads ranging as bigh as 
above seventy feet. 

2. Experiments on the flow of water over weirs of 
small size, either free or subwe ‘ 

3. Experiments on the loss of head in smal! pipes of 
various kinds. 

4. Experiments on the loss of head due to bends, 
curves, valves, diaphragms, or other obstructions caus- 
ing sudden changes of velocity. 

5. Experiments on the distribution of velocity in dif- 
ferent parts of a liquid cross section, either of a jet 
frow an orifice, of a sheet discharged over a weir, or of 
a liquid flowing ina pipe. 

6. Experiments on different water meters, including 
Mr. Herschel’s Venturi meter, as well as the ordinary 
forms in the market. 

7. The testiug of small turbines and of various other 
small motors 

8. Experiments on the pressure of jets against plane 
or curved surfaces, and on the resistance of standing 
water to the motion of surfaces of different shapes 
through it. 

9. Experiments on the saphensae of traps, and on 
other matters connected with plumbing arrangements 
of —Tech. Quarterly. 


NOTES ON THE VULCANIZATION AND 
DECAY OF INDIA RUBBER* 


UNDER ordinary conditions, India rubber for vul- 
eanizing is usually mixed with sulphur and heated to 
a high temperature, when chemical combination takes 
place between the sulphur and the rubber, producing 
a much more valuable compound for ordinary pur- 
poses than unvuleanized rubber, the former remaining 
soft at very low temperatures and firm at high tem- 
peratures, while the latter becomes hard and quite 
plastic respectively at those temperatures. 

In making cloth for waterproof garments, another 
method is employed for vulcanizing the rubber, viz., | 
by wetting its surface with a mixture of somewhere 
about five to ten parts of chloride of sulphur, dis- 
solved in 100 parts of bisulphide of carbon, and then 
heating the fabric gently to evaporate away the excess 
of these substances. The rubber-covered cloth cannot 
be heated to a high temperature like the rubber alone, 
because the heat would be liable to injure the cotton, 
> or wool of the fabric or destroy or injure the 
colors. 


‘third 267 of sulphur and 790 of chiorine per cent. 
These rubber substitutes contain considerable quanti. 
ties of oily matters soluble in ether, which I have also 
—— to chlorine and sulphur compounds of the 

| oi 

The first yielded 20°0 per cent., the second 143, and 
|the third 11°5 per cent. of these thick oily matters 
soluble in ether. This oily substance from the first 


| sample contained 26 per cent. of sulphur and 6°1 per | 


cent. of chlorine, while that from the second contained 

| 2°97 and 687 per cent. of sulphur and chlorine res- 
pectively. Some rubber manufacturers regard this 
| oily watter as injurious to the rubber, and reject any 
— which contains any considerable proportion 
of it. 

I have found, bowever, by experiment that this oily 

compound, instead of acting injuriously on India 
rubber, actually acts as a preservative of it. Some 
|rubber threads were sweared with this oily extract, 
| some with ordinary (unvaleanized) rape oil, and sowe 
| left untreated. These were put into an incubater at 
| 150° Pabr. for a few days, when it was found that the 
oil-treated rubber was quite soft and rotten, while the 
jother two had remained sound. After a few days 
| more, the origioal rubber threads had become quite 
rotten, while the threads smweared with the oily part 
of the vuleanized oil remained quite sound. The first 
and second samples of rubber substitutes were examin- 
ed for solable chlorides or hydrochloric acid, by boil- 
ing in water. The first gave 0°18 per cent. of chlorine 
soluble in water and the second 0°05 per cent. 

It has been known for some time that copper salts 
exert a most injurious influence on India rubber. 
Copper salts are sometimes used in dyeing cloth, which 
are afterward employed for waterproofing with India 
rabber, and it seems quite astonishing what a small 


The em of carbon softens and penetrates the | 
fine layer of rubber, carrying with it the chloride of | 
sulphur dissolved in it, and it is generally supposed 
that the chloride of sulphur breaks up, the sulphar 
combining with the rubber, producing vulcaniza- 
tion, and the chlorine combining with the hy-! 
drogen producing hydrochlorene acid, which is 
liberated. This reaction is clearly not the correct one, | 
and it is probable that the reverse is more in accord- 
ance with the facts. viz, that the chlorine of the 
sulphur chloride combines with the rubber, producing 
vuleanization, leaving the sulphur in the free state or 
only partially in combination with the rubber, because 
in rabber vulcanized by the cold process I have found | 
free sulphur to be present. 
Frow a piece of rubber-covered cloth I separated the 
rubber, and submitted it to analysis by mixing it 
thoroughly in small pieces with pure sodium carbonate 
and igniting, then dissolving the whole in water, and 
adding to it peroxide of hydrogen previously treated 
with excess of barium chloride (to separate sulphuric 
acid or sulphates). The peroxide insures the conver- 
sion of the lower oxides of sulphur into sulphuric acid. 


STAG HUNTING REPRODUCED BY 
PHOTOGRAPHY. 


ONK of the most skillful members of the Excursion 
Society of the Amateurs of Photography, Mr. Henri 
marest, an enthusiastic hunter, has devoted him- 
self to the specialty of representing hunting scenes by 
photography. He has succeeded most rewarkably, 
and the specimens that he exhibited at the photo- 


| graphic section of the Exposition of 1889 were highly 


appreciated. We publish herewith a fac-simiie of an 
instantaneous photograph by Mr. Deswarest which re- 
presents the closing scene in a 8 hunt. The follow- 
my a few data as to the episode represented. 
he equipage of Rallye-Bersay, belonging to the 

Duke of Gramont, had, on the ilth of February, 1890, 
one of the finest hunts of the season. Two stags, at- 
tacked near Croix de Toulouse, were soon se ted b 
the dogs, which rallied upon the finer stag. The anim 
after allowing itself to be pursued in the Cassepot 
rock, the Ecouettes, and the Saint Germain rock, tra- 
versed the Melun road, showed up on the side of Butte 
Saint Louis, and returned to the circumference of 
attack in order to reach the pond of Bois-le-Roi, 
which was completely frozen over, and the ice of which 
gave way under his feet. In this pond, at 3 o'clock, a 
magnificent death struggle took place after a very spi 
rited run. The animal at bay, surrounded by forty 
dogs, tried in vain to escape into that part of the pond 
that had become free through the breakage of the ice. 
One of the hunters put an end to bis aguny by a shot 
from a carbine. 

The photograph that we reproduce was taken at 3 
o'clock in the afternoon, the sun being low. The ob- 


_—, was « Dallmeyer rapid rectilinear with a focal 
length of 38 cm.; diaphragm of 14 wm. The shutter 


CLOSING SCENE IN A STAG HUNT. 


uantity of or is required to harden and destroy 
the rubber, and the destructive effect of copper is 


while the excess of barium chlorides precipitates the further enhanced if the cloth contains oily matters in 
sulphuric acid in the solution, which is then weighed | which the copper has dissolved. As an example, a 
as bariaw sulphate. Another portion of the made-up, Piece of cloth was alleged to have damaged the thin 
solation was neutralized, and the chlorine present coating of India rubber on it. I found it to contain 
titrated. copper and, with a view of demonstrating this point, 

The rubber, previous to ignition, as above described, | | took one piece in its original condition. To the end 
had been well boiled in water and dried to separate | of this I pasted a similar piece of the cloth from which 
any hydrochloric acid which might be present, but the oily and greasy matters bad been removed by 
p— a faint trace of chlorine compound could be thus | ether, and to the end of this again I pasted another 
separated from the rubber. The total sulphur present | piece of the same cloth from which I had removed 
in the rubber amounted to 2°60, and the total chlorine | both oily and greasy matters and copper. These three 
to 631 per cent. pieces, joined end to end into one, were then coated in 


The yellow-colored sulphur protochloride is best | the usual way with India rubber, and then hung in an 


adapted for vuleanizing, because it does not act too incubator at 150° Fahr. In the course of a few days 


strongly upon the rubber, while the dark-colored 
chloride sulphur, containing, as it does, a ‘arge 
quantity of the higher chorides of sulphar, is liable to 
— the rubber quite hard by vulcanizing it tee 
much. 

The theory generally adopted to explain this is) 
that these bigher chlorides break up easily, liberating | 
their sulphar, whieh thus combines in greater quantity | 
with the rabber. But my experiments and analyses 
prove that it is chiefly the chlorine and not the eul- 
phur of the chloride of sulphur which prodaces the | 
vulcanization. 

A rubber substitute much used at present is produec- 
ed by acting on vegetable oils,such as rape, linseed, 
ete., with a mixture of chloride of sulphur and bi 
sulphide of carbon. The oil becomes converted into a 
solid substance resembling India rubber to some ex- 
tent, but being much more brittle. This body is now 
used in large quantity for mixing with India rubber 
for the purpose of cheapening its production. On 
analysis of some samples of this material, I have in- 
variably found that it contained a much greater pro- 
portion of chlorine than of sulphur, and this process, 
therefore. isa vulcanization by chlorine rather than 
by sulphur. Recently, 1 analyzed three samples of 
rubber substitute, the one termed “special,” another 
“spongy” India rubber substitute, the third being 
similar to the first in appearance. The first contained 
of sulphur 3°4 and of chlorine 7°6 per cent. The second 
contained of sulphur 4°56 and of chlorine 8°22, and the 


* Read Mr. William Thomson, F.RS.Ed., F.C.S., before the 
Chemical Section of the British Association 


the rubber on the original cloth had become soft, and 
it then hardened and became rotten and useless. The 
second piece, from which the greasy matters had been 
removed, then became quite hard and rotten, while 
the part from which both greasy matters and copper 
had been removed has remained in a perfectly elastic 
and good condition. Professor Dewar observed acci- 
dentally that metallic copper, when heated to the 
temperature of boiling water in contact with the 
rubber, exerted a destructive effect upon it. With a 
view of finding whether this was due to the copper 
per se or to its power of conducting heat more rapidly 
to the rubber, I laid a sheet of rubber on a plate 


|of glass, and on it placed four clean disks, one of 


tg one of platinum, one of zinc, and one of 
silver. 

After a few days in an incubator at 150° Fahr. the 
rubber under the copper had become quite hard, that 
under the platinnm had become slightly affected and 
hardened at different parts, while the rubber under 
the silver and under the zine remained quite sound 
and elastic. This would infer that the pure wetallic 
copper had exerted a great oxidizing effect on ‘tie 
rubber, the platinum had exerted a slight effect, while 
the zine and silver respectively had had no injurious 
influence on it. A still more curious result was this, 
that the rubber thus hardened by the copper contain- 
ed no appreciable trace of copper. The copper, there- 
fore, presumably sets up the oxidizing action in the 
rubber without itself permeating it. I have pleasure 
in acknowledging the assistance rendered to me 


employed was that of Messrs. Londe & Dessoudix. The 
developing was done by bydroquinone.—La Nature. 


THE UNITED FORGE MASTERS’ ASSOCIATION. 


THE annual meeting of the United Forge Masters’ 
Association was held at the Gilsey House, New York 
City. The following officers were elected for the ensu- 
ing year: Capt. L. M. Coe, Cleveland, president; W. 
8. Sizer, Buffalo, vice-president ; F. L. Alcott, Cleve- 
land, commissioner; executive committee — Joseph 
Howard, Buffalo: W. F. Pinkham, New York; J. 
Johnston, New York. 

President Coe delivered the following address : 

Gentlemen of the United Forge Masters’ Association: 
It gives me great pleasure to meet again the members 
of this association at the beginning of another year in 
the history of our body. The expectations of the 
friends of our union and society bave been more than 
fulfilled, and we look with pride and satisfaction at the 

ublic and private benefits that have resulted in secur- 
ng higher perfection in our productions, as well as a 
more uniform standard cf excellence. Instead of a 
sharp competitive strife as to which of us can furnish 
the largest amount or the cheapest work in the mar- 
ket, resulting oftentimes in the production and sale 
of imperfectly wanufactured articles, the greatest ef- 
forts have been put forth to secure to the public the 
finest and most perfect forge materials known to sci- 
ence or the trade. The United States now takes its 
place among the foremost manufacturing cow panies in 
the world in this our special branch of industry. Our 
heavy forgings are unsurpassed in excellence, and now 
float in every inland sea and ocean in almost every part 
of the globe. 

Let it be in the future our highest object to extend 
and perfect our manufactures, avail ourselves of every 
new improvement in our forgings that will add to their 
strength and durability and usefulness, We live in 
the richest as well as in the largest manufacturing 
country in the world ; our soil is as rewarkable for 
what it contains as what it produces on its surface. 
We mine annually one balf the gold and silver product 
of the earth. In 1870 we produced 4,500,000 tons of 
iron ore; we now wine iron ore in 23 States, and in 
1880 the total product was 9,500,000, or an increase of 
110 per cent. In 1880 our manafactures exceeded in 


in this investigation by my assistant, Mr. Frederick | value those of Great Britain by $650,000,000. In all 
Lewia. | material 


this vast growth and development of the 


na Ry: is 
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wealth of our couutry the members of the Porge Asso 
ciation bave borne a conspicuous part 

I congratulate you to-day upon the growling ingenu 
itv and intelligence of the vast boady of operatives in 
your employ, Well as the disiinguished place you 
oecupy amoung the useful aad inflaential men of the 
nation 

let it Ux sur coustaut effort to eolarge 
the borders of our usefulness, locrease the weans of de- 
veloping the resources of our common eountry and 


with genuine patriotic pride strive to take the United 
States the anrivaled workshop for forgings among all 
nations. In anion, there is strength, in Knowledge 
power, and in fidelity, In the black clouds of 
smoke that envelop our forges we may see the sliver 
liniow that irradiates our homes, lights with wood eheer 
the households of our workingwen and adds another 
luster to the stars that sparkle on the flagof the re 
public 


THE ALTMANN-KUPPERMANN PETROLEUM 
MUTOR 


A PETROLEUM motor is practically a was engine that 
is independent of a gas works It wakes its own was 


the bearings of the’crankshaft, at one end of which are 
a fiywhee!l and driving palley, and at the other end a 
bevel wheel which drives the governor and the vaive 
gear. The valves are of very simple construction, and 
areall of the mushroom type, there isa vapor iniet 
valve, an air inlet valve, aud an exhaust valve, each 
worked by a separate cam oo a small horizontal shaft 
driven from the lower end of the governor spindle 
| The store of oi! for the day's working is kept iv the 
vessel shown to the left of the view. This is provided 
with a gaage glass to show the amount of its contents, 
which are the ordinary paraffla or kerosene, costing 
644d. to 7d. a gallon. No light oil or benzine is required, 
and consequently no objection is raised by the local 
authorities, or the insarance companies, to the use of 
the engine, or to the storage of any reasonable amount 
of the oil, A pipe leads from the vessel to a small 
pump, which makes one stroke for every two revola 
tions of theengine. The length of stroke can be varie 
by means of alink and sliding block to adjast the 
richness of the charge tothe amount of work to be 
done. The general control of the engine is effected, 
however, by the governor, which entirely cuts off the 
supply of otf when the speed is too high 

this end a small vaive is placed in front of he 


THE ALTMANN-KUPPERMANN PETROLEUM MOTOR 


(or vapor) from the paraffin oil of commerce, and as this 
ean be bought in the remotest spot where civilization 
has taken root, there is no place where power is Wanted 
that the petroleum wmwotor may not be used. The 
trials at Plymouth showed that it needs only about one 
fourth ofthe weight of fuel of the best steam engine 
of the same size, while it can hold its own in this re- 
spect with the larwest marine engines of wost recent 
construction. No wonder that with so wide a market 
many inventors should be endeavoring to eliminate the 
defeets that have hitherto impeded the progress of this 
handy form of motor, We have in previous issues 
given particulars of several designs of petroleum 
motors, and now publish an illustration on the present 
page showing the engine of Messrs. Altmann and 
Kuppermann, of Berlin, whieh is made in various 
sizes from ‘, horse power to 16 horse power, that shown 
being of 2 horse power The features sought to be 
embodied in this design are simplicity of construction, 
ease of management, and accessibility of parts. The 
evele is that of the Otto engine, which, bv the expira 
tion of the patent, has become open to all inventors. 
The eviinder is vertical and single acting, containing a 
leng piston, packed with five rings to efficiently pre- 
vent the leakage of the products of combustion. The 
eylinder is surrounded with a water jacket in the usual 
way; at its upper part it has two horns, which carry 


| pump and is kept down by a strong spring ; this valve 
is lifted by a cam to allow the oil to pass to the pump 
during normal working. But if the speed is too high, 
the governor shifts the cam sideways so that its raised 
portion no longer comes under the roller at the end of 
the lever which controls the valve, and consequently 
ithe latter cannot open. The oil which passes the 
|pump entersa siwall copper retort Kept red hot by 
means of a lamp, and is there converted into vapor. 
which is drawn into the cylinder when the vapor valve 
is lifted by its eam. This is the same cam that operates 
the oil control valve The ignition of the charge is 
effected in the usual way by means of an incandescent 
tube, heated in the first instance by the same lamp as 
the retort. This lamp has no chimney, and burns or 
dinary paraffin oil with a blue flame like a Bunsen 
gas jet. The oil is forced through the nozzle by air 
pressure created by a small pump, and is vaporized by 
coming into contact with a bot metal spreader. The 
exhaust valve is not visible in the engraving, as it is at 
the back of the eylinder. It is worked by a cam, and 
ean be readily removed for cleaning 
We are informed that the consumption of oil per 
horse power hour is to 09 liter (from to 07198 
gallon)in the smaller sizes of one or two horse power, 
and 0° to 0% liter (from to O12 gallon) in the 
| larger sizes. These are very good results, and if they 
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‘ean be obtained in daily practice, the engine shoald 


take a high position for economy, as it does for sim- 
plicity.— Angineering. 


BLAST FURNACES AT SHEFFIELD, 
ALABAMA. 


AS an illustration of the activity that now characte- 
rizes the great iron and coal districts of Alabama, that 
have during the last few years attracted so wuch ioter- 
est in England and so much Britis capital, we propose 
to publish a somewhat detailed deseription of the 
blast furnace plaut belonging to the Sheffield and 
Birminghaw Coal, and Railroad Company, of 
Sheffield, Alabama We should mention that this 
plant bas been in operation for about two years, and 
Was among the first of importance constructed in the 
district. The plant consists of three furnaces, each 18 
ft. in diameter of bosh and 75 ft. high, situated at 
Sheffield, Colbert Coanty, Alabama. The furnaces 
were designed for a combined capacity of 450 tons of 
iron perday. The coke supply is obtained from the 
company's own wines at Jasper, Alabama, although 
they are conveniently located to receive the Birming- 
ham and Pocahontas coal and ecke. The iron and 
liestone supplies are also conveniently situated to the 
furnace. The fluished product can be shipped to the 
Western aod Northern pig irop markets, either by rail- 
road or By steamer cia the Tennessee River. The 
plant being situated at the head of pavigation of this 
river, has direct connection with the Ohio and Missis- 
sippi rivers, besides having excellent railroad tacilities. 
All the opper part of the State of Alabama is penetra- 

‘ed by the great mineral veins that reach down diago- 

pally from the north}, these are the great basis of the 
immense iron and coal industries of Pennsylvania, and 
| running through Virginia and Western North Carolina, 
Tennessee, and Georgia, terminate in rich outerop- 
pings at about the centerof Alabama. A vast triangu- 
lar tract in the upper part of the State is Known as the 
| Warrior coalfield, because the Warrior River runs over 
jthe main portion. North of this and forming the base 
of the triangle are immense deposits of hematite iron 
lore. Just north of this base flows the Tennessee, and 
Sheffield, located between the iron and coal and the 
| river, stands ready to convert the ore into a market- 
able product and to ship it to the points of demand. 
As shown in our page plate, each furnace is 18 ft. 
in diameter at the bosh and 75 ft. bigh, and is support- 
ed upon eight cast iron columns 18 ft. bigh and 18 in. in 
jdiameter. On the top of each colamn is bolted a cast 
iron bracket, to which the mautel and bosh casing 
is riveted. The casing is made of wrought iron 23 
ft. in diameter at the bottom and 20 ft. 3 in. in diame- 
terat the top, the plate iron being in. and ¥y in. thick. 
The platform on top of the easing is 20 ft. 3 in. in diame 
ter, made of plate iron. A wrought iron guard 
42 in. high surrounds this platform. The furnace top 
jis connected to the wrought iron hoist tower witha 
bridge 30 ft. long and 15 ft. wide. The beams of this 
bridge are 5 in. deep. It issurrounded with a wrought 
}iron guard, 42 in. high, wade of one-eighth inch plate 
jiron, The hopper is made of eastiron 13 ft. 6 in. in 
}diameter and 38 inches deep. A cast iron lip ring, I4¢ 
in. thick, is fitted in this hopper. Its lower edge is 
machined to fit the bell. An arch is ereeted over this 
hopper, upon which are pivoted levers for raising and 
lowering the bell. Asteam cylinder is attached to one 
of these levers, by means of which the bell is operated. 
The brick bosh of the furnace is protected by water- 
cooled plates, the great advantage of this plan over the 
jold method of construction being, first. that the water- 
cooled castings can be examined at apy time for leaks, 
by simply driving a bara short distance into the brick- 
work. Consequently, if the leak is found, the plate 
ean be removed without tearing out the brickwork. 


| The bustle pipe surrounds the columns of the fur- 


nace, aud is 30 in. in diameter. Seven revolviag ball- 
jointed tuyere stocks are attached to this bustle pipe. 
“hese tuyere stocks are lined with firebrick. Seven tu- 
vere arches made of coiled gas pipe are inserted in each 
hearth bottom, and in each tuyere arch is fitted a 6 in. 
phosphor-bronze tuyere. To carry away the gases 
from these furnaces, « down-comer 76 in. in diameter is 
attached toeach furnace On the bottom of this down- 
cower is constructed a circulac dust eatcher, 11 ft. 9 in. 
in diameter and about Is ft. long. A bell and hopper 
is inserted in the conical bottom of this dust catcher, 
through which the dust is drawn from the top of the 
cylindrical portion of the dust catcher. Two down- 
take pipes convey the gas into the underground flues. 
A cireular stairway is secured to the down-comer, ex- 
tending from the hearth level to the platform level of 
the furnace. The hearth bottom is 45 in. thick, com- 
| posed of two layers of conical shaped blocks. The 
hearth and bosh walls are 27 in. thick, laid in alternate 
courses, with 134g in. and Yin. brick. The in-wall is 
2245 in. thick, laid with 1344 in. and 9 in. brick. This 
in-wall is backed with 9in. of No.2 firebrick. The 
hoist towers are wrought iron structures, extending 
from the floor of the stockhouse to the platform level. 
The columns are made of twe 8 in. ehannel irons lat- 
ticed to each other These columns are stayed at in- 
tervals of 10 ft. with eve beam struts, and tie bars, 
provided with turn buckles. The platforms are 7 ft. 
wide and 7 ft long, and are connected to the engine 
drams by means of lin cables. These platforms or 
guides are also fitted with safety catches or pawls. 

The hoist engine is of the duplex vertical automatic 
type, with 12 in. diameter cylinders and 10 in. stroke. 
These engines are located in a small brick building, 
erected upon the ground level on one side of the hoist 
towers. Each of the furnaces is equipped with three 
20 ft. by 6) ft. Gordon-Whitwell-Cowper firebrick hot- 
blast stoves. These stoves are of the three-pass type. 
The gas is admitted through a valve into the base of 
the combustion chamber, and passing up this chamber 
deseends through a series of regenerative flues into a 
second up-pass of regenerative work, and then directly 
to the atmosphere through a small draught stack ereet- 
ed npon each stove casing. This type of stove has ad- 
vantages over the four-pass system, since the resistance 
to the flow of gas due tothe long contracted passes 
of the four-pass system requires enormous under- 
xround flues and draught stacks, whereas im this type 
each stove is provided with its own draught stack. 
and avoids the costly construction necessitated in the 
four-pass system. The hot blast valves are of the 
gate type, the seat being a hollow phosphor bronze 
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casting. fitted into the valve body A cap is bolted to 
one end of this body, and if the valve seat should get 
out of line or be destroyed, it can he removed through 
this cap and a new seat may be inserted. The air 
vaive, which is of the poppet form, is attached to a 
hinged door, and also forms au opening io the bottom 
of the combustion chamber, for the removal of the 
dirt. The chimueys of these stoves are strongly built, 
commencing with heavy plate iron at their base anc 
gradually thinning at the top, each chimney being 
lined with 4% in. of frebrick 

The cold biast valve is an ordinary slide gate valve, 
Operated with arack and pinion, and is attached to 
the base of the chinmey on the top of the stove. The 
chimney valve is placed in the bottom of the chimney, 
and is of the sliding wate type, the vaive seat being 
made hollow to permit of a strong current of air pass 
ing through it for cooling purposes. Each of these 
stoves has a heating surface of 25,000 square feet, and | 
three stoves are designed to heat 25,000 cubic feet of 
blast to a temperature of 1,400 deg. per minute. The 

lant is equipped with seven variable cut-off steam 

lowing engines, each with a blast evlioder S4 in. in 
diameter, steam cylinder 36 in. in diameter and 48 in 
stroke. The bedplates are of the box form, that is, 
the cross sections of the sides and ends are nearly rect 
angular. The bottoms are flat. that the foundations 
may be wade solid and the casting bedded true. The 
housings or fraines are of the box form. The blast 
piston bead is provided with two piston rods, and the 
steam piston with one rod, allof which are fitted into 
a wrought iron crosshead, with tapered ends, and 
secured by nuts. Each of the fly wheels weighs ten 
tons, and is made in two pieces, fitted together by 
Means of center plates These center plates are fitted 
and keyed upon a wrought iroa shaft, 12 in. in diame- 
ter, the crank pins being securely fitted into each disk 
plate after the same are keyed upon the main shaft 
thus insuring accuracy in radial distance and align 
ment. The blowing cylinders are Sin. in diameter 
the inlet and outlet valves being so disposed that the 
least possible dead space or clearance is secured. Each 
valve seats by gravity, requiring neither springs nor 
counterweights 

There are 148 inlet and 80 outlet valves to each | 
blowing engine, each valve being 44 in. in diameter. 
The iniet valves are made of the best sole leather, and 
rise from their seats with the slightest current of air, 
The outlet valves are lifted from their seats as easily 
as the inlet valves, but are slightly heavier, being wade 
of ateel, one-sixteenth inch thick. Each valve seat is 
independent of the cylinder head, and can bo removed 
quickly should it be found necessary to insert a new 
leather valve. Each engine weighs 150 000 Ib., and at 
50 revolutions has a displacement of 15.50 cubie feet of 
blast per minute. The casting houses are 50 ft. span 
and 150 ft. long The walls are made of brick, 2 ft. 
high, and are provided with openings and ventilating 
windows, The roof trus<es are made of iron, the whole 
being covered with No. W corrugated iron. A venti 
lator 6 ft. wide extends over all the trusses except one 
The roof truss is made sufficiently heavy to carry a 
load of 14¢ tons of pig irou upon a trolley track, at 
tached to it. Twoof these trucks are attached to each 
roof truss, and by this means the pig metal is carried 
out of the cast house and arranged to be dumped upon 
a car located on a track outside of the building. 

The boilers are of the water tube type, the total 
heating surface of the plant for the three furnaces be 
ing 21,480 square feet. There are twelve boilers ar 
ranged or set in three batteries. Each boiler is com- 
posed of ten sections of 4 in. in diameter lap-welded 
wrought iron tubes, 18 ft long. Each header is pro 
vided with manholes, placed opposite to each tabe, 
and of sufficient size to permit of the cleansing, remov 
ing, and renewal of the tube through it. Four steam 
drums, 80 in. in diameter and 18 ft. 7 in. long, are sup- 
plied to each battery of boilers 

The boilers are supported by wrought iron beams, 
set on iron columns, so that they shall be sustained 
entirely independent of the brickwork, and be free to 
eapand or contract without affecting the latter. Each 
boiler is provided with steam cauges. stand pipe, check 
valves, and other fittings. Each battery of boilers “4 
wrovided with a gas burner aod a set of ordinary ii 


pars and firing doors, The engine house is a briek 
vuilding, 124 ft. long by 30 ft. wide, and 80 ft. high 
over the ground line to the east of the building. The 
walls are 18%¢ in. thick, with 444 in. piers 
The floor of this building is 
ine, spiked to 14 in. by 3 in, joists. The roof is a 
ramwe structure, made sufficiently heavy to allow of | 
the heaviest part of the biowing engine to be i 


made of 2 in yellow 


from it. The boiler feed pumps are of the duplex 
planger type, each pump having a 12 ia. cylinder, 7 in. 
water plunger, and 10 in. stroke 

Each blowing engine is connected with a feed water 
heater M in. in diameter and 10 ft. high. Each heater 
contains thirty 2 in. corrugated coppertubes. The top 
head of the heater is arranged so that it can be swung 
to one side with a crane, permitting easy access to the 
tubes for cleansing purposes. The water supply for 
the plant is obtained from the Tennessee River. On 
the river bank is sunk « well 17 ft in diameter and 26 
ft. high, the bottom of this weil being 4 ft. above low) 
water mark. This well is built of heavy wrought iron, | 
and stiffened by means of angle bars. In the bottom 
of the well are secured two duplex steam pumps, with 
18 in. steam cylinders, 12 in. water piston, and 10 in. 
stroke. Each of these putups has an 8 in. suction and 
discharge. The discharge pipes from both of) 
the pumps are led by a 10 in. pipe to a reservoir located 
on the top of the bank. This reservoir is 90 ft. in dia 
meter and 6 ft. deep, divided into two parts for the 
purpose of filtering and cooling the water. From this 
reservoir the water is drawn by three duplex pumps, 
the steam cylinders of which are 18 in. in diameter, 
water piston 12 in, in diameter, and stroke 10. These 
pumps discharce throagh a 12 in, pipe into the water | 
tanks, or directiy to the furnace 

There are two water tanks, each 15 ft. in diameter | 
aud 20 ft. high, made of plate iron 54, in, thick. These 
tanks are supported on sixteen cast tron columns 90 ft. 
high. The stockhouse iva frame structure 70 ft. span 
from center to center of posts, and 400 fr. long from} 
end to end. The posts are made of 10 in. by 10 in. | 

ellow pine, and are 30 ft. high, strongly braced with 
lateral trusses. The rafters of the roof are wade of 7 


in. by Sin timbers. trussed and bound together with | 


wrought iron bolts. These rafters are covered with a 
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No. 24 corrugated iron roof. The rafters and roof ex- 
tend 6 ft. over each side of the building. thas making 
the covered surface 82 ft. wide by 400 ft. long. The 
flooring is wade of 2 in. planks, spiked to Sin. by 5 in. 
joists or stringers. The charging scales are disposed 
at different poiuts in this house. Two railroad tres- 
tles, about 12 [(t. high, extend through this building 
The entire plant, inclading the excavations for foanda 
tions and the foundations themselves, was designed 
and constructed by the firm of Messrs. Gordon, Stro- 
bel & Laureau, limited, of Philadelphia, Pa.—ngi 
neertng. 
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GENERALITIES CONCERNING ELECTROMAGNETS 


Materials.—In any complete treatise on the electro 
magnet it would be needfal to enumerate, and to dis 
cuss in detail, the several constructive features of the 
apparatus 

hree classes of material enter into its construction. 
First, the iron which constitates the material of the 
magnetic circuit, inclading the armature as well as the 
cores on which the coils are wound, and the yoke that 
connects them. Secondly, the copper which is em 
ployed as the material which conducts the electric cur 
rents, and which is asually in the form of wire 
Thirdly, the insulating material employed to prevent 


the copper coils from coming into contact with one) 


another or with the iron core. There isa further sub 
ject for discussion in the bobbins, formers, or frames 
upon which the coils are in s0 many cases wound, and 
which may in some cases be made in metal, but often 
are not. The engineering of the electromagnet might 
well furnish matter for a special chapter. 

TYPICAL FORMS. 

It is dificult to devise a satisfactory or exhaustive 
classification of the varied forms which the eleectro- 
magnet has assumed. But it is at least possible to 
enumerate sowe of the typical forms, 

1. Bar BElectromagnet.—This consists of a single 
straight core (whether solid, tubular or laminated) 
surrounded by a coil. Fig. 3 depicts Sturgeon’s ear- 
liest example. 

2. Horse-shoe Electromaguet —There are two sub 
types included in this name. The original electromagnet 
of Sturgeon (Pig. 1) really resembled a horse-shoe in 
form, constructed of asingle pieces of round wrought 
iron, about half an inch in diameter, and nearly a foot 
long. bent into an arch. In recent years the other sub- 
type has prevailed, consisting, as shown in Fig. 11, of 


Fre. 11.—TYPICAL TWO-POLE 
ELECTROMAGNET 


two separate iron cores, usually cat from cireular | 


rod, fixed into a third piece of wrought iron, the yoke. 


Occasionally this form is modified by the use of one | 


coil only, the second core being left uncovered. This 
form has received in France the pawe of aimant 
boiteux. Its merits will be considered later. Some 
times a single coil is wound upon the yoke, the two 
limbs being ancovered. 

3. lron-clad Electromaguet —This form, which has 
wany times been re-invented, differs from the simple 
bar magnet in having an iron sbell or casing external 
to the coils, and attached to the core at one end. Such 
& wagnet presents, as depicted in Pig. 12, a central 


Fie. 12.—IRONCLAD ELECTROMAGNET. 


pole at one end surrounded by an outer annular pole 
of the opposite polarity. The appropriate armature 
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for eleetrowagnets of this type is a circular disk or lid 
of iron. 

4. Coil and Plunger.—A detached iron core is at- 
tracted into a hollow coil, or solenoid, of copper «ire. 
when a current of electricity flows round the latter. 
This is a special form, and will receive extended cou 
sideration 

5. Special Forms —Besides the leading forms enume- 
rated above, there are a naw ber of special types, multi- 
polar, spiral, and others designed for particular pur- 
poses. There is also a group of forms intermediate be- 
tween the ordinary electromagnet and the coil and 
planger form 

POLARITY. 

It is a familiar fact that the polarity of an electro 
magnet depends upon the sense in which the current 
is flowing around it. Various rules for remembering 
the relation of the electric flow and the magnetie force 
have been given. One of them that is useful is that 
when one is looking at the north pole of an electro- 
magnet, the current will be flowing around that pole 
in the sense opposite to that iu which the hands of a 
clock are seen to revolve. Another useful rule suggest- 
ed by Maxwell is illustrated by Fig. 13, namely, that 


\C 


13.—DIAGRAM ILLUSTRATING RELATION 
OF MAGNETIZING CIRCUIT AND RESULT- 
ING MAGNETIC FORCE 


the seuse of the circulation of the current (whether 
right or left banded) and the positive direction of the 
resulting magnetic force are related together in the 
vame way as the rotation and the travel of a right 
handed serew are associated together. Right handed 
rotation of the screw is associated with forward 
travel Right handed circulation of a current is 
associated with a magnetic force tending to produce 
north polarity at the forward end of the core. 


UsEsS IN GENERAL. 


Regarded as a piece of wechanism, an electromag- 
net may be regarded as an apparatus for producing a 
mechauical action at a place distant from the operator 
who controls it; the means of communication from 
the operator to the distant point where the electro- 
iwagnet is being the electric wire. The uses of elec- 
tromagnets may, however, be divided into two main 
divisions. For certain purposes an electromagnet 
is required werely for obtaining temporary adhesion 
or lifting power. It attaches itself to an armature, 
and cannot be detached so long as the exeiting 
current is maintained, exce;t by the application of a 
superior opposing pull. The foree which an electro- 
magnet thus exerts upon an armature of iron, with 
which it is in direct contact, is always considerably 
greater than the foree with which it can act on an 
armature at sowe distance away, and the two cases 
must be carefully distinguished. Traction of an arm- 
ature in contact, and ettraction of an armature at 
a distance, are two different functions. So different, 
indeed, that it is no exaggeration to say that an electro- 
magnet designed for the one purpose is unfitted for 
the other. 

The question of designing eleetromagnets for either 
of these purposes will oceupy a large part of these 
lectures. The action which an electromagnet exer- 
cises op an armature in its neighborhood may be of 
several kinds. If the armature is of soft iron, placed 
nearly parallel to the other polar surfaces, the action 
is one simply of attraction, producing a motion of 
pure translation, irrespective of the polarity of the 
magnet. 

If the armature lies oblique to the line of the poles, 
there will be a tendency to turn it round, as well as to 
attract it. But, again, if the armature is of soft iron 
the action will be independent of the polarity of the 
magnet, that is to say, independent of the direction of 
the exciting current. Lf, however, the armature be it- 
self a wagnet of steel permanently magnetized, then 
the direction in which it tends to turn, and the 
amount or even the sign of the force with which it is 
attracted, will depend on the polarity of the electro- 
wagnet, that is to say, will depend on the direction in 
which the exeiting current circulates. Hence there 
arises a difference between the operation of a non- 
polarized and that of a polarized apparatus, the latter 
term being applied to those torms in which there is 
employed a portion—say an armature—to which an 
initial fixed magnetization has been imparted. Non- 
polarized apparatus is in all cases independent of the 
direetion of the current. Another class of uses served 
by electromagnets is the production of rapid vibra- 


tions. 


These are employed in the mechanism of electric 
trembling bells, in the automatic breaks of induction 
coils, in electrically driven tuning forks such as are 


j}employed for chronographie purposes, and in the in- 


before the Society of Arts, London, 1990, From | 


struments used in barmonic telegraphy. Special con- 
structions of electrowagnet are appropriate to special 
purposes such as these. The adaptation of electro- 
magnets for the special end of responding to rapidly 
alternating currents is a closely kindred matter. 
Lastly, there are certain applications of the electro 
magnet, notably in the construction of some forms of 
are lamp, for which it is specially sought to obtain an 
equal, or approximately equal, pull over a definite 
range of motion. This use necessitates special de- 
signs. 
THE PROPERTIES OF IRON. 

A knowledge of the magnetic properties of iron 
of different kinds is absolutely fundamental to the 
ome | and design of electromagnets No excuse is 
therefore necessary for treating this matter with some 
fullness, In all modern treatises of magnetism the usual 
terms are defined and explained) Magnetism, which 
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was formerly treated of as though it were something | this stage of magnetization it requires a large iucrease 
distributed over the end surfaces of magnets, is now | in the magnetizing force to produce even a very small 
known to be a phenomenon of internal structure, and | increase in the magnetization. It will be noted that 
the appropriate wode of considering it is to treat the | for soft wroaght iron the stage of approaching satura 
magnetic materials, iron and the like, as being capable | tion sets in when B bas attained the value of about 
of acting as good conductors of the magnetic lines, in | 16,000 lines per square centimeter, or when H has been 
other words, as possessing magnetic permeability. The | raised to the value of about 50. As we shall see, it is 
precise notion now attached to this word is that of a| not economical to push B beyond this limit, or, in 
puwerical coefficient Suppose a magnetic forcee—due, | other words, it does not pay to use stronger magnetic 
let us say, to the circulation of an electric current ina forces than those of about 4] = 50. 


surrounding coil—were to ~ct on a space oceupied by ee 2 
air. There would re-aic a certain number of magnetic | METHODS OF MEASURING PERMEABILITY. 
lines in that space In fact, the intensity of the mag-| There are four sorts of experimental methods of 
netic force, symbolized by the letter H, is often eX-| measuring permeability. 

ressed by saying that it would prodace | magnetic) 1 Magnetometric Methods.—These are due to Muller, 
ines per square centimeter in air. Now, owing to the | and consist in surrounding a bar of the iron in ques- 
superior magnetic power of iron, if the space sab-| tion by a magnetizing coil, and observing the deflec- 
jected to this magnetic force were filled with iron in-| tion its magnetization produces in a magnetometer. 
stead of air, there would be produced a larger namber| 2 Balance Methods.—These methods are a variety 
of magnetic lines per square centimeter. This larger of the preceding, a compensating magnet being ew- 
nowber in the iron expresses the degree of magnetiza- ployed to balance the effect produced by the magnet- 
tion in the iron. It is symbolized* by the letter B magnetowetric needle. Von Feilitzsch 
The ratio of B to H expresses the permeability of the) 


is then increased, reversed, and re-reversed ; and so on, 
until the strongest available points are reached, 
values of the mwayuvetizing force # are calculated from 
the observed value of the current by the following 
rule. If the strength of the current, as measured by 
the ampere-meter, be i, the number of spires of the ex- 
citing coil S, and the length, in centimeters, of the 
coil e, the mean circumference of the ring) be J, 
then # is given by the formula— 


Si 


Bosanquet, applying this method to a number of 
iron rings, obtained some important results. In 
Fig. 16 are plotted out the values of and B for 
seven rings. One of these, marked J, was of cast steel, 
and was examined both when softand afterward when 
hardened. Another, marked I, was of the best Low- 
moor iron. Five were of Crown iron, of different sizes. 
They were marked for distinction with the letters G, 
EB, F, H, K. In the accompanying table are set down 


material. The jasual symbol for permeability is the Taste oF Vatves or B in Five Crown Iron Rives, 
Greek So we may say that B is to 
times H. or example, a certain specimen of iron, x r 
when subjected to a magnetic foree capable of creat- Name G. ig E. | P. H. K. 
ing, in air, 30 magnetic lines to the square centimeter, i =, 
was found to be permeated by no fewer than 16.052 Mean Diam. | 10035 cm. a2 1 cm. 10°735 cm. 22°725 cm. 
magnetic lines per square centimeter. Dividing the Bar thickness j rege | 
latter figure by the former gives as the value of the } - i i 
permeability of this stage of the magnetization 321, or \Magnetising Force. 
the permeability of the iron is 321 times that of air. o2 126 62 §2 &s 
The permeability of sach non-magnetic materials as ‘ 23 
silk, cotton, and other insulators, aleo of brass, copper, 5 3? ' 20 ny a3 am 
and all the non-magnetic metals, is taken as 1, being 1449 7,295 635 88s 
practically the same as that of the air. . 

This mode of expressing the facts is, however, com- 3-95? 
plicated by the fact of the tendency iu all kinds of iron $ Go Ota? 8.203 Sars 8.885 
to magnetic saturation. In all kinds of iron the wag- ; 
netizability of the material becomes diminished as the 
actual maguetization is pushed further. In other 20 14,6¢ } 14,066 
words, when a piece of iron has been magnetized up to . 
acertain degree it becomes, from that degree onward, = 35.704 i 16,068 13,830 
less permeable to further magnetization, and, though 100 26,637 37,900 16,198 14,837 
actual saturation is never reached, there is a practical 
limit beyond which the magnetization cannot well be 
pushed. used this method, and it has received a wore definite! the values of B at different stages of the magnetiza- 


Joule was one of the first to establish this tendency 


3 t application in the wagnetic balance of Professor 
toward mwaguetic saturation. Modern researches have 


Hughes. The actual balance is exhibited to-night 


shown numerically how the permeability diminishes 
as the magnetization is pushed to higher stages. The 
practical limit of the magnetization, B, in good 
wrought iron is about 20,000 magnetic lines to the 
square centimeter, or about 125.000 lines to the square 
inch ; and in cast iron the practical saturation limit is 
nearly 12,000 lines per square centimeter, or about 
70.000 lines per square inch. In designing electro- 
magnets, before calculations can be made as to the 


upon the table, and | have beside me a large number 
of observations made by students of the Technical 
College by its means, upon sundry samples of iron and 
steel. None of these methods are, however, to be com- 

| pared with those that follow. 
3. Inductive Methods.—There are several varieties of 
these, but all depend on the generation of a transient 
| induction current in an exploring coil which surrounds 
| the specimen of iron, the integral current being pro- 


size of a piece of iron required for the core of a wagnet | portional to the number of magnetic lines introduced 
for any particular purpose, it is necessary to know the | into, or withdrawn from, the circuit of the exploring 
magnetic properties of that piece of iron, for it is ob-| coil. Three varieties may be mentioned. 
vious that if the iron be of inferior magnetic perme-| (4A) Ring Method —In this method, due to Kirchhoff, 
ability, a larger piece of it will be required in order to, the iron under examivation is made up into a ring, 
produce the same magnetic effect as wight be produc- | which is wound with a primary or exciting coil and 
ed with a swaller piece of higher permeability. Or.| with a secondary or exploring coil. Determinations 
again, the piece having inferior permeability will re-| on this plan have been made by Stowletow, Rowland, 
quire to have more copper wire wound on it. For in| Bosanquet, and Ewing; also by Hopkinson. Row- 
order to bring up its magnetization to the required | land's arrangement of the experiment is shown in Fig. 
int, it must be subjected to higher magnetizing | 15, in which Bis the exciting battery ; 8, the switch 
orces than would be necessary if a piece of bigher 
permeability had been selected. 

A convenient mode of studying the magnetic facts 
respecting any particular brand of iron is to plot on a 
diagram the curve of magnetization—i. ¢., the curve 
in which the values, plotted horizontally, represent 
the magnetic force, H, and the values plotted verti- 
cally those that correspond to the respective maguet- 
ization, B. In Fig. 14, which is modified from the re- 


Fie. 15.—RING METHOD OF MEASURING PER- 
MEABILITY (ROWLAND'S ARRANGEMENT). 


for turning on or reversing the current ; R, an adjust- 
able resistance ; A, an ampere-weter ; and BG the bal- 
listie galvanometer, the first swing of which measures 
the integral induced current. RC is an earth inductor 
‘or reversing coil wherewith to calibrate the readings 
of the galvanometer; and above is an arrangement 


of a coil and a magnet to assist in bringing the swing- 


8 2 ing needle to rest between the observations. The ex- 
Fie. 14.—CURVES OF MAGNETIZATION OF 
DIFFERENT MAGNETIC MATERIALS. B 


searches of Professor Ewing, are given five curves re- 
lating to soft iron, bardened irov, annealed steel, hard 
drawn steel, and glass hard steel. It will be noticed 
that all these curves bave the same general form. For 
small values of H the values of Bare small, and as H 
is increased, B increases also. Further, the curve rises 
very suddenly, at least with all the softer sorts of iron. 
and then bends over and becomes nearly horizontal. 
When the magnetization is in the stage below the bend 
of the curve, the iron is said to be far from the state of 
saturation. But when the magnetization has been) 
pushed beyond the bend of the curve, the iron is said 
to be in the stage approaching saturation, because at 


® The following are the various ways of expressing the three quantities 
under consideration : 
8—The interna! magetization. 
The magnetic induction. 
The indaction. 
The intensity of the induction. 
The permeation. 
The namber of lines per square centimeter in the material. 
H—The magnetizing force at a point. a 
The magnetic force at a point. 
The intensity of the magnetic force. . 
The namber of limes per square centimeter that there would | citing coil and the e 


Fie. 16—BOSANQUETS DATA OF MAGNETIC 
PROPERTIES OF IRON AND STEEL RINGS. 


coil are both wound upon 


be in air. the ring; the former is distinguished by being drawn 
The specific cond: for maguetic lines. n with a fee exciting current, which is - 
The magnetic maltiplring power of the material. denly reversed, and then reversed back. The current 


tion. 

I have the means here of illustrating the induction 
method of measuring permeability. 
|ring, having a cross section of almost exactly one 
square centimeter. It is wound with an exciting coil 
supplied with current by two accumulator cells; over 
it is also wound an exploring coil of 100 turns connect- 
ed in circuit (as in Rowland’s arrangement) with a bal- 
listic galvanometer which reflects a spot of light upon 
yonder screen. In the circuit of the galvanometer is 
also included a reversing earth coil. As a matter of 
fact this earth coil is of such a size, and wound with so 
many convolutions of wire, that when it is turned over 
the amount of cutting of magnetic lines is equal to 
840,000, or is the same as if 840,000 magnetic iines bad 
been cut once. By adjusting the resistance of the gal- 
vanometer circuit, it is arranged that the first swing 
due to the induced current when I suddenly turn over 
the earth coil is 8 4 scale divisions. Then, seeing that 
our exploring coil has 100 turns, it follows that when 
in our subsequent experiment with the ring we get an 
induced current from it, each division of the scale over 
which the spot swings will mean 1,000 lines in the iron. 
I turn on my exciting current. See: it swings about 
11 divisions. On breaking the circuit it swings nearly 
11 divisions the other way. That wmweans that the 
magnetizing force carries the agnetization of the iron 
up to 11,000 lines’; or, as the cross section is about 1 

uare centimeter, B = 11,000. Now, how much is  ? 
The exciting coil has 180 windings, and the exciting 
current through the amperemeter is just one ampere. 
The total excitation is just 180 “ ampere-turns.” We 
must, according to our rule given above, multiply this 
by 172566 and divide by the wean circumferential 
length of the coil, which is about 32 centimeters. This 
makes H = 7. So if B = 11,000 and i = 7, the per- 
meability (which isthe ratio of them) is about 1,570. 
It isa rough and hasty experiment, but it illustrates 
the method. 

Bosanqvet’s experiments settle the debated question 
|whether the outer layers of an iron core shield the 
| inner layers from the influence of magnetizing forces. 

Were this the case, the rings made from thin bar iron 
| should exhibit higher values of B than do the thicker 
‘rings. This is not so; for the thickest ring, G, shows 
throughout the highest magnetizations. 

(B) Bar Method.—This method consists in employi 
a long bar of iron instead of a ring. It is cover 
from end to end with the exciting coil, but the explor- 
ing coil consists of but a few turns of wire situated 
just over the middle part of the bar. Rowland, Bosan- 
quet, and Ewing have all employed this variety of 
method ; and Ewing specially used bare the length of 
which was more than 100 times their diameter, in order 
to get rid of errors arising from end effects. 

(C) Divided Bar Method.—This method, due to Dr. 
Hopkinson,* is illustrated by Fig. 17. 


Here is an iron 


Fie. 17.—HOPKINSON’S DIVIDED BAR METHOD 
OF MEASURING MAGNETIC PERMEABILITY. 


The apparatus consists of a block of annealed wrought 
Phil, Trane.,” 1886, p. 564. 
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iron about 18 inches long, 644 wide, 2 deep. out of the 
middle of which is cat out a rectangular space to re 
ceive the magnetizing coils 

The test samples of iron consist of two rods, each 
12°65 millimeters in diameter, turned carefally true, and 
slide in through holes bored in the end of the fron 
blocks. These two rods meet in the middie, their ends 
being faced true #06 as to make a good contact. Une of 
thew is secured firmly, and the other has a haudle fixed 
to it, by means of which it can be withdrawn. The 
two large magnetizing coils do not meet, a space being 
left between them Into this space is introduced the 
little exploring coil, wound upon an ivory bobbin, 
through the eve of which passes the end of the mova 
ble rod. The exploring coil is counected to the ballistic 
galvanometer, Bij, and is attached to an ludia rubber 
spring (vot shown in the figure), which, when the rod is 
suddenly pulled back, causes it to leap entirely out of 
the magnetic fleld. The exploring coil bad 450 tarns 
of fine wire; the two magnetizing coils had 2,008 effect 
ive turne. The wagnetizing current, generated by a 
battery, B, of eight Grove cells. was regulated by a 
variable liquid resistance, R, and by a shunt resist 
anee. A reversing switch and an amperemeter, A, were 
included in the wagnetizing circuit. By means of this 
apparatus the sample rods to be experimented upon 
could be submitted to any magnetizing forces, small or 
large, and the actual magnetic condition could be ex- 
amined at any time by breaking the circuit aod simal- 
taneously withdrawing the movable rod. This appa- 
ratus, therefore, permitted the observation separately 
of a series of increasing (or decreasing) wagnetizations 
without any intermediate reversals of the entire cur 
rent. Thirty-five samples of various irons of known 
chemical composition were examined by Hopkinson 
the two most important for present purposes being an 
annealed wrought iron aod a gray east iron, such as 
are used by Messrs. Mather & Platt in the construction 
of dysamo machines. Hopkinson embodied bis resalts 
in curves, from whieh it possible to construet, for 
purposes of reference, numerical tables of sufficient 
accuracy to serve for future calculations. The curves 
of these two samples of iron are reproduced in Pig. 18 
but with one simple modifieation. British engineers 
who unfortunately are condemned by local cireum 
stances to use inch measures instead of the interna 
tional metric system, prefer to have the magnetic facts 
ilso stated in terms of square inch units instead of 
square centimeter units. This change has been made 
in Fig. 18, and the symbols 8, and H. are chosen to 


is 


= 
| } | 
sone | 
; | } 


ony 


i MAGNETIZING FORCE 
Fie. 18.—CURVES OF MAGNETIZATION 
OF LRON 


indicate the numbers of magnetic lines to the square 
inch in iron and in air respectively. The permeability 
or multiplying power of the iron is the same, of course, 
in either measure. In Table Il. are given the corre- 
sponding data in square inch measure; and in Table IIL. 


the data is in square centimeter measure for the same | 


specimens of iron. 
TABLE Il. (SQUARE LNCH UNITS.) 


Annecled Wrought Tron Grey Cast Tron. 
4.650 | 6s 25 Ox 3 
2.1% 278 § ooo ms | 6489 
86,000 4 s 7O,000 1480 
100,000 as = 
7S - - 
4) § +55 
{ 


TABLE (SQUARK CENTIMETER UNITS, 


Annealed Wrought Ir G “Cast Tron 
B | b Bij 
| 
sao | 3000 | So 5 
9,009 | 2,290 4 sco | 
20,000 2,000 | s 2 
es x 3 } 4 
12,000 2,402 Bs 8 | 
$ 
24,000 BO, AX $3 ass 
} 
j 
10,000 ase | 
Be, 000 go - 


It will be noted that Hopkinson’s curves are double, 
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scending magnetizations. This is a point of a little im- 
portance in designing electromagnets. Iron, and par- 
ticularly hard sorts of iron, and steel, after having been 
subjected to a high degree of magnetizing force, and 
subsequently to a lesser magnetizing foree, are found 
to retain a higher degree of wagnetization than if the 
lower magnetizing foree had been simply applied 
example, reference to Pig. 18 shows that the wrought 
iron, where subjected to a magnetizing force gradually 


' 


rising from zero to, = 200, exhibits a magnetization | 


of 95.000; but after, has been carried up to 
over 1.000, and then reduced again to 200, B, does not 
come down again to 95,000, but only to 9.000. Any 
sample of iron which showed great retentive qualities, 
or in whieh the descending curve differs widely 
from the aseending curve, would be unsuitable 
for constructing electromagnets, for it is important 
| that there should be as little residual wagnetism as 
possible in the cores. It will be noted that the curves 
| for cast iron show wore of this residual effect than do 
those for wrought iron. The numerical datain Tables 
Il. and LIL. are means between the ascending and de- 
scending values. 

As an eXample of the ase of the tables, we may take 
the following : How strong must the magnetizing force 
be in order to produce in wrought iron a magnetiza 
| tion of 110,000 lines to the square inch? Reference to 
| Table II., or to Pig. 18, shows that a magnetizing field of 


664 will be required, and that at this stage of the mag- | 


netization the permeability of the iron is only 166. A- 
there are 6°45 square centimeters to the square inch, 
110,000 lines to the square inch correspond very nearly 
to 17,000 lines to the square centimeter; and = 6 
corresponds very nearly to K} = 100 
TRACTION METHODS. 
Another group of methods of measuring permeability 


| is based upon the law of magnuetie traction. Of these 
there are several varieties. 


(D) Divided Ring Method.— Mr. Shelford Bidwell has| 


kindly lent me the apparatas with which he carried 
out this method. It consists of a ring of very soft 
charcoal inon rod 64 millimeters in thickness, the ex 
ternal diameter being 8 centimeters, sawn into two half 
rings, and then each half carefully wound over with an 
exciting coil of insulated copper wire of 1,929 convolu 
tions in total. The two halves fit neatly together ; and 
iu this position it constitutes practically a continuous 
ring. When an exciting current is passed round the 
coils, both halves become magnetized and attract one 
another. The force required to pull them asunder is 
then measured According to the law of traction, 
which will oeeupy us in the second lecture, the trac- 
tive force (over a given area of contact) is proportional 
to the square of the namber of magnetic lines that 
muss from one surface to the other through the contact 
Joint. Hence the force of traction may be used to de- 
termine B ; and on caleulating H{ as before, we can de- 
termine the permeability. The following Table IV. 
gives a summary of Mr. Bidwell’s results. 


TABLE [V. (SQUARE CENTIMETER MEASURE.) 
Seft Charcoal Tron. 
B “ H 
11,550 
| 
15,460 ao 
87.330 | 
sis 


LE) Divided Rod Method.—lIn this method, also used 
by Mr. Bidwell, an iron rod hooked at both ends was 
| divided across the middle, and placed within a vertical 
| Surrounding magnetizing coil. One hook was hung up 
to an overhead support; to the lower hook was 
hung a seale pan. Currents of gradually increasing 
strength were sent around the magnetizing coil from a 
battery of cells and note was taken of the greatest 
weight which could in each case be placed in the seale 
pan without tearing asunder the ends of the rods. 

LP) Permeameter Method.—This is a method which I 
have myself devised forthe purpose of testing speci- 
mens of iron. It is essentially a workshop method, as 
distinguished from a laboratory method. It requires 
no ballistic galvanometer, and the iron does not need 
to be forged into a ring or wound with a coil. For car- 
rying it out a simple instrument is needed, which I 
venture to denominate as a permeameter. Outwardly, 
it has a general resemblance to Dr. Hopkinson’s appara- 
tus, and consists, as you see (Fig. 19, of a rectangular 
piece of soft wrought iron, slotted out to receive a mag- 
netizing coil, down the axis of which passes a brass 
tube. The block is 12 in. long, 644 in. wide, and 3in in 
thickness. At one end the block is bored to receive the 
sawple of iron that is te be tested. This consists sim- 
| ply of a thin rod about a foot long, one end of which 

must be carefully surfaced up. When it is placed in- 
| side the magnetizing coil, and the exciting current ts 
| turned on, the rod sticks tightly at its lower end to the 
}surface of the iron block; and the foree required to 
detach it (or, rather, the square root.of that force) isa 
j}measure of the permeation of the wagnetie lines 
through its end face. In the first permeameter which 
| constructed the magnetizing coil is 13°64 centimeters in 
length, and has 371 turns of wire. One ampere of excit- 
ing current consequently produces a magnetizing force 
of H = 34 The wire is thick enough to carry 30 
amperes, so that it is easy to reach a magnetizing force 
}of 1,000. The current I now turn on is 25 amperes. 
; The two rods here are of *‘ charcoal iron” and “ best 
|iron” respectively ; they are of quarter inch square 
jstuff. Hereis aspring balance graduated carefully. 
'and provided with an automatic catch so that its index 
stops at the highest reading. The tractive force of the 
charcoal iron is about 1244 Ib., while that of the ** best” 
iron is only 74g lb. B is about 19,000 in the charcoal 
iron, and H being 8X, 4 is about 223. The law of 


For) 


|self in stating it here for use with the perweaweter. 
The formula for calculating B when the core is thus 
detached by a pall of P pounds, the area of contact 
being A square inches, is as follows : 


B= 1317x yP+A+H 
| Imay add that the instrument, in its final form, is 


Suring balaaee 


Screw clamp 


Wires that 
bring the 
current 


Fia. 19 —THE PERMEAMETER. 


manufactured from my designs by Messrs. Nalder 
Bros., the well known makers of so many electrical 
instruments, 


CURVES OF MAGNETIZATION AND PERMEABILITY. 


In reviewing the results obtained, it will be noted 
that the curves of magnetization all possess the same 
general features, all tending toward a practical maxi- 
mum, which, however, is different for different ma- 
terials. Joule expressed the opinion that “ no force of 
eurrent could give an attraction equal to 200 1b. per 
square inch,” the greatest he actually attained being 
only 175 lb. per square inch. Rowland was of opipion 
the limit was about 177 lb. per square inch for an ordin- 
ary good quality of iron,even with infinitely great excit- 
ing power. This would correspond roughly to a limit- 
ing value of B of about 17,500 lines to the square centi- 

} meter. This value has, however, been often surpassed. 
| Bidwell obtained 19,820, or possibly a trifle more, as in 
Bidwell’s ealeulation the value of H has been needlessly 
discounted. Hopkinson gives 18,250 for wrought iron, 
and 19.840 for mild Whitworth steel. Kapp gives 16,740 
for wrought iron, 20,460 for charcoal iron in sheet, and 
25,250 for charcoal iron in wire. Bosanquet found the 
highest value in the middle bit of a long bar to run up 
in one specimen to 21,428, in another to 29,388, in a 
third to 27,688. Ewing, working with extraordinary 
magnetic power, forced up the value of B in Lowmoor 
iron to 31,560 (when « came down to 3), and subse- 
quently to 45.350. This last figure corresponds to a 
traction exceeding 1,000 pounds to the square inch. 

Cast iron falls far below these figures. Hopkinson, 
using a magnetizing force of 240, found the values of B 
to be 10,783 in gray cast iron, 12.408 in malleable cast 
iron, and 10,546 in mottled cast iron. Ewing, with a 
magnetizing force nearly fifty times as great, forced u 
the value cf B in cast iron to 31,760. Mitis metal, whic 
is a sort of cast wrought iron, being a wrought iron 
rendered fluid by addition of a small percentage of alu- 
minum, is, as I have found, more magnetizable than 
east iron, and not farinferior to wrought iron. It should 
form an excellent material for the cores of electromag- 
nets for many purposes where a cheap wanufacture is 
wanted. 

A very useful alternative mode of studying the re- 
sults obtained by experiment is to construct curves, 
such as those of Fig. 20, in which the values of the 
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! Fie. 20.—CURVES OF PERMEABILITY. 
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permeability are plotted out vertically in correspond- 
ence with the values of B plotted horizontally. It will 
be noticed that in the case of Hopkinson’s cpecimen of 
annealed wrought iron, between the points where B = 
7,000 and 16,000, the mean values of u lie almost 
ov a straight line, and might be approximately calcu- 
lated from the equation : 


“ = (17,000 — B) + 35 
THE LAW OF THE ELECTROMAGNET. 


Many attempts have been made, by Muller, Lamont, 
Frolich, and others, to discover a simple algebraic for- 
mula whereby to express the relation between the mag- 
netizing force and the magnetism produced in the elec- 
tromagnet. According to Muller. these are related to 
one another in the same proportions as the natural tan- 
gent is related to the are which it subtends. The for- 
mule of Lamont and Frolich, which are more nearly in 
Keeping with the facts, are based upon the assumption 
of a relation between the permeability and the degree 
of magnetization present. Suppose we assume the ap- 


there being one curve to the ascending wagnetizations, traction which I use in caleulating B will occupy us| proximation stated above, that the permeability is pro- 
and a separate one, a little above the former, for de-' much in the next lecture, but meantime I content my-’ portional to the difference 


between B and some 
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limiting value (17,000 for wrought iron, 7,000 for cast 
iron). If this higher value is called 6, we may write 
z= 
a 


where @ isa constant that varies with the quality of 
the iron or steel 


Now 
B=+«H 
giving by substitution and an easy transformation— 
H 
B= 
e+H 


which is one form of Frolich’s well-known formula. 
The constant, a, stands for the “ diacritical” vaiue of 
the magnetizing foree, or that value which will bring 
up B to half the assumed limiting or “* satural” value. 

All such formule, however convenient, are insuffi- 
cient, inasmuch as they fail to take into account the 
properties of the entire magnetic circuit. 


HYSTERKSIS. 


I have already drawn attention to the difference be- 
tween the ascending and descending curves of magnet- 
ization, and may now point out that this is a part of a 
set of general phenomena of residual effects. The best 
known of these effects is, of course, the existence in 
some Kinds of iron, and notably in steel, of a remanent 
or sub-permanent magnetization after the magnetizing 
force has been entirely removed. To this retardation 
of effects behind the causes that produce them the 
name of “hysteresis” has been given by Prof. Ewing. 
If a piece of iron is subjected to a magnetizing force 
which increases to a maximum, then is decreased down 
to zero, then reversed and carried to a negative maxi 
mum, then decreased again to zero, and so carried round 
an entire eyele of magnetic operations, it is observed 
that the curves of magnetization form a closed area 
similar in general to those shown in Fig. 21. 
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Fie. 21.—CURVES OF HYSTERESIS. 


This closed area represents the work which has been 
wasted or dissipated in subjecting the iron to these al- 
ternate wagnetizing forces. In very soft iron, where 
the ascending and descending curves are close together, 
the inclosed area is small; and as a matter of fact, very 
little energy is dissipated in a cycle of magnetic opera- 
tions. On the other hand, with hard iron, and partica- 
larly with steel, there is a great width between the 
curves, and there is a great waste of energy. Hystere- 
sis mav be regarded as a sort of internal or molecular 
magnetic friction, by reason of which alternate wagnet- 
izations cause the iron to grow hot. Hence the import- 
ance of understanding this curious effect, in view of the 
construction of electromagnets that are to be used with 
rapidly alternating currents. The following figures of 
Table V. give the number of watts (1 watt = ~}, of a 
horse power) wasted by hysteresis in well-laminated 


soft wrought iron when subjected to a succession of | 


rapid cyeles of magnetization. 


TABLE V.—WASTE OF POWER BY HYSTERESIS 


Watts wasted per 


Valls wasted 
B per cubic foot at @aubic foot a8 wo 
B & “eercles per cycles per 
second. secon. 
$000 32,250 | { 
1,000 38,700 % 
7.000 43.130 | om | 
_ $1,600 4,180 
10,000 | 64.500 0,560 | 
12,000 77,399 ey 2% 
14,000 300 2620 
16,000 103, | 3.290 
37,000 109,650 304 3.980 
18,000 6,100 87 7> 
j ar 4 48 j 


It will be noted that the waste of energy increases as 
the magnetization is pushed higher aad higher in a dis- 
proportionate degree, the waste when B is 18.000 being 
six times that when B is 6,000. 
or of steel the heat waste would be far greater. 


Another kind of after-effect was discovered by Ewing, the motor, and, in grooves cut out for the purpose, to festation was felt 
This is the the armatare end of the base, where they pass up| face and hands. 


and named by him “ viscous hysteresis.” 
name given to the gradual creeping up of the magnet- 
ization when a magnetic force is applied with absolute 
steadiness to a piece of iron. This gradual creeping up 
may go on for half an hour or more, and amount to 
several per cent. of the total magnetization. 

Another important matter is that all such actions as 


hammering, rolling, twisting. and the like, impair the | 


magnetic quality of annealed soft iron. Annealed 
wrought iron which has never been touched by a tool 
shows hardly any trace of residual magnetization, even 
after the application of magnetic forces. But the 
touch of the file will at once spoil it. Stargeon point 

ed out the great importance of this point. In the speci- 
fication for tenders for instruments for the British 
postal telegraphs it is laid down as a condition to be 


|observed by the constractor that the cores must not 
| be filed after beingannealed. The continual hammer- 
| ing of the armature of an electromagnet against the 
| poles may in time produce a similar effect. 


FALLACIES AND FACTS ABUUT ELECTROMAGNETS. 


I will conclude this lecture by stating a few of the | 
fallacies that are current about electromagnets, and | 
will add to them a few facts, some of which seem para- 
doxical. The refutation of the fallacies and the ex- 
planation of the facts will come in due course. 

Fallacies. —The attraction of an electromagnet for | 
its armature varies inversely as the square of its dis- | 
tance from the poles. 

The outer windings of the electromagnet are neces- 
sarily less effective than those that are close to the 
iron. 

Hollow iron cores are as good as solid cores of the | 
same size. 

Pole pieces add to the lifting power of an electromag: | 


et. 
It harts an electromagnet (or, for that matter, a steel 
| magnet) to pull off the keeper suddenly. [It is the sud- 
den slamming on that in reality harts it.} 

| The resistance of the coi! of an electromagnet ought 
to be equal to the resistance of the battery. 

A coil wound left-handedly magnetizes a magnet dif- 
ferently from a coil wound right-handedly. [It is not 
a a of winding of coil, but of circulation of cur- 
rent. 

Thick wire electromagnets are less powerful than thin | 
wire electromagnets, 

A badly insulated electromagnet is more 
than one that is well insulated. 

A square iron core is less powerful (as Dal Negro} 
says, eighteenfold!) than a round core of equal | 
weight. 

The attraction of an electromagnet for its keeper is | 
necessarily less strong (one-third according to Du Mar | 

| cel) sideways than when the keeper is in front of the 
roles 
Putting a tube of iron outside the coils of an electro- 
magnet makes it attract a distant armature wore pow- | 
erfuliy. 

Facts.—A bar electromagnet with a convex pole holds 
on tighter to a flat-ended armature than one witha 
flat pole does. 

A thin round disk of irov laid upon the flat round 
end of ap electrowagnet (the pole end being slightly 
larger than the disk) the disk is not attracted, and will 
not stick on, even if laid down quite centrally, 

If a flat armature of iron be presented to the poles of 
a horseshoe electromagnet, the attraction at a short 
distance is greater, if the armature is presented flank- 
ways than if it is presented edgeways. On the con- 
trary, the tractive force in contact is greater edgeways 
than flank ways. 

Electromagnets with long limbs are practically no} 
better than those with short limbs for sticking on to 
masses of iron. 


powerful 


PARKHURST’S ELECTRIC MOTOR. 
lo the Editor of the Scientifie American : 

Referring to the comments of Dr. A. P. Reid, of 
Halifax, upon the motor described in SUPPLEMENT, | 
No. 761, | would say that doubtless the wotor wight | 
be improved by makiug the field magnet of six bob- 
bins instead of two; but in so doing the style of pole) 
pieees would probably have to be changed to correspond | 
to the changed conditions, entailing more work and 
greater skill in the manufacture, and also requiring 
more elaborate tools, lathe, ete., to aid in its manufac-| 
ture. | 

The motor ¢s illustrated and described was designed | 
to be as simp'e as possible, and yet be powerful enoagh | 
to do the it cended work, é. ¢., run a sewing machine. | 
At the time it was built the possibility of making it | 
more elaborate was seen, even beyond the suggestions 
already received ; but these elaboratious were pot gone 
into, for the reason that they made the motor more 
complicated, and hence placed it beyond the skill of 
the tyro or the average amateur with but a limited 
sappy of tools. 

1ere can, however, be no objection to any one mak- 
ing as elaborate a model as they please—if the model 
described is not enough to satisfy. More iron can be 
put in the field magnet if desired, with probably 
beneficial results, and, if one chooses, a double arma- 
ture and double field magnets, with two or more bob- 
bins in each, may be made; bat the double armature 
and double field would require two commutators and 
two sets of brushes, and hence, as above stated, such 
elaborations were not gone into. 

For a field with six bobbins the pole pieces should 
preferably be in the rorm of a flat iron ring cut into 
two parts, so as to form a flat curved pole piece toeach 
three of the six bobbins of the field, and the wind- 
ing and connections should be so as to make these 
curved pole pieces the consequent poles of the entire 
system. 

The pole pieces for the armature could then be a flat 
curved ring, continuous throughout, of the same size 
and thickness as the pole pieces of the field, fastened to 
the ends of the bobbin cores, or a flat iron disk could 
be used for such pole pieces, the line of polarity of the 
ring or disk being determined by the position of the 
brushes upon the commutator. 

I did not put the details of the shunt into the origi- 


‘nal drawings, as I «upposed it would be readily under- 
stood from the numerous articles that have gone before. 


wires from the field magnet down through the bars of | 


again through holes in the base, and are then fasten-| 

ed to the brush arms permanently, after first being 

coiled into a long spiral to make the connections flexi- 

ble. With this connection the current is applied 

directly to the binding posts upon the brush arms, 

the binding posts upon the base are not needed. 

| If it is desired to use the binding posts upon the 
base. then the wires from the field magnets are led to 
them under the base and fastened permanently. 
Wires are then taken from these binding posts up 
through holes near the brush helder, and coiled up 
and fastened permanently to the brush arms. The car- 
| rent can then be applied to the binding screws upon 
| the base, or to the brush holder binding posts at will. 
If the field is wound with coarser wire, thes it would 


and | the same time received a shock that jerked 


—— not run well asa shunt motor, but would 
ave to connected up in series, one wire trom the 
field magnet going to one of the binding posts upon 
the base, the other field wagnet wire to one of the 
brush arms. The other brush arm then to be con- 
nected to the other binding post upon the base. The 
current would then be applied to the binding posts. 
A trial or two would soon tel! which wire to connect to 
binding post, and which to brush holder, and to the 
proper arm thereof, in order to have the motor run in 
the desired direction. No experiments have ever been 
made as to the winding but to use as a generator, 
hence no detail can be given. It is doubtful if a very 
successful generator could be made of a size as given 
for the motor 

As stated above, the motor was desi asa simple, 
easily made and fairly efficient machine, well within 
the com of ordinary tools and skill. It was not 
intended to be the best that could be made, even — 
the same plan, for wany improvements are possible. 
But such improvements involve more cost, more work, 
more skill, and I for one would be glad to see as many 
improvements and as mach elaboration put upon the 
model as any one may choose to give it. 

©. D. Parxuurst, Lieut., 4th Artillery. 


ELECTRICAL STORMS ON PIKE'S PEAK. 


THE “ Annals of the Astronomical Observatory of 
Harvard College,” vol. xxii., contains the meteorologi- 
eal observations made at the summit of Pike's Peak, 
Colorado, at a height of 14,134 feet above sea level, It 
is not remarkable that such an elevated station should 
be celebrated for its electrical storms, and the observers 
from 1874 to 1888 have recorded many interesting de- 
tails in the journals respecting their physical and phy- 
siological actions. 

The manifestation of atmospheric electricity by in- 
duced effects is often very strongly marked. During 
the passage of electrified clouds over the sammit of the 
peak the well known singing and buzzing noises de- 
scribed as an adjunct of St. Elmo's fire were heard to 
proceed from the telegraph wires, the exposed instra- 
ments, the instrument shelter, and the house. The 
sound is said to be very similar to the buzzing of bees 
and crackling of burning evergreens. At times the 
hair of the observers became upright and strongly re- 
pellent, and the same peculiar noise proceeded from it 

Some very remarkable effects are recorded on August 
18, 1877: “During the evening the most curiously 
beautiful phenomena ever seen by the observer were 
witnessed, in company with the assistant and four visit- 
ors. Mention has been made in journal of May 25 and 
July 13 of a peculiar * singing’ or rather ‘sizzing’ noise 
on the wire, but on these occasions it occurred in the 
day time. To-night it was heard again, but the line 
for an eighth of a mile was distinetly outlined in bril- 
liant light, which was thrown out from the wire in 
beautiful seintillations. Near us we could observe 
these little jets of flame very plainly. They were in- 
variably in the shape of a quadrant, and the rays con- 
centrated at the surface of the line in a ewall mass 
about the size of a currant, which had a bluish tinge. 
These little quadrants of light were constantly jamp- 
ing from one point to another of the line—now point- 
ing In one direction, and again in another. There was 
no heat to the light, and ‘when the wire was touched, 
only the slightest tingling sensation was felt. Not only 
was the wire outlined in this manner, but every ex- 
posed metallic point and surface was similarly vues 
or covered. The anemometer cups appeared as four 
balls of fire revolving slowly round a common center ; 
the wind vane was outlined with the same phosphor- 
escent light, and one of the visitors was very much 
alarmed by sparks which were plainly visible in his 
hair, though none appeared in the others’. At the 
time of the phenomenon snow was falling, and it bas 
been previously noticed that the ‘singing’ noise is 
never heard except when the atmosphere is very damp, 
and rain. hail, or snow is falling.” 

These displays were described with the same minute- 
ness fon June 7,-1882. It was then noticed that when 
the finger was passed along the line, the little jets of 
flame were successively puffed out, to be instantly re- 
lighted in the rear. An observer also found that when 
he approached one of the places from which the buzz- 
ing sound proceeded it would cease, but would re- 
commence again as soon as he withdrew two or three 
feet distant. 

It is recorded that the “observer, on placing his 
hands close over the revolving cups of the anemometer 
where the electrical excitement was abundant, did not 
discover the slightest sensation of beat, but bis hands 
instantly became aflame. On raising them and spread- 
ing his fingers, each of them became tip with one or 
more cones of light nearly three inches in length. The 
flames issued from his fingers with a rushing noise, simi- 
lar to that produced by blowing briskly against the 
end of the finger when placed lightly against the lips, 
and accompanied by a crackling sound, There was a 
feeling as of a current of vapor escaping, with a slight 
tingling sensation, The wristband of his woolen shirt, 
as soon as it became dampened, formed a fiery ring 
around his arm, while his wustache was electrified so as 
to make a veritable lantern of his face. The phenome- 
non was preceded by lightning and thunder, and was 
accompanied by a dense driving snow, and disappeared 
with the cessation of snow.” 

A few instances are given of convulsive muscular 
contraction caused by harges. Thus, on June 23, 
1887, while an observer was examining the iron joints 


In the ease of hard iron | The connections are made, however, by bringing the | around the station, from which the above described 


hissing noise was pees. a strong electrical mani- 

y a twitching of the muscles of the 

A violent “retarn shock” was expe- 

rieneed by the observer, who, on June 16, 1876, “ while 

sitting on a rock, saw a blinding flash of lightuing dart 

from a cloud seemingly not more than five handred 

feet away, and heard a quick. deafening re , and at 

his extremi- 

ties together as though by a most violent convulsion, 

and left lightning sensations in them for a quarter of 
ap hour rward.” 

Among other effects pre 


noticed at consider- 
able elevations above sea le we find that on one 


oceasion an observer fel! a pain as if from a slight burn 
on both temples directly under the brass buttens of 
t his hands to the spots, there was 


on 


his cap ; when he 
all pain disap 
burning sensation was also often 
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hands, and the scalp appeared to be pricked with bun 
dreds of red hot needles. A more intense action is re- 
corded on June 9, 1882, when an observer was “ raised 
off his feet by the action of the electricity passing 
through the top of his hat. Instantly snatehiog the 
hat from his head, he observed a beam of light as thick 
as alead pencil, which seemed to pass through the hat, 
projecting about an inch on either side and rewaining 
visible for several secouds. The top of his hat was at 
least two inches from his head when this flery lance 

jerced him He experienced a peculiar buaro- 
ng or stinging seusation of the scalp for several boars 
afterward 

The telegraph wires and the buildings were struck b 
lightning on several occasions. When a flash ete | 
the telegraph wire on July |9, 18h4, for a moment the 
line resembled a belt of fire, and vibrated violently for 
sowe winutes after the discharge. Frequent discharges 
have also been observed between the ground wire and 
the rocks oun which it rested. 

On August 12, 1879, it is recorded : “ At 5.40 p. ma 
bolt of lightning went through the arrester with the 
report of a rifle, throwing a ball of fire across the 
room against the stove and tin sheathing. At 635 
p. m. the lightning struck the wire and building at the 
north end where the wires come through the window 
and arrester, with a crash equal to any forty-pounder 
It burned every one of the four wires coming in at the 


window into small pieces, throwing them with great/ 1. Argyroneta. 
force in every direction, and filled the room with smoke | 


from the burning gutta percha insulation. The window 
sash was splintered on the outside, one pane of glass 
broken, and another coated with melted copper. The 
anemometer wires were also burned up, and the dial 
burned and blown to pieces.” Barometer balbs were 
eracke:i by lightning on August 21, 1881; and on August 
15, 1886, it is recorded: ‘Station strack by lightning 
at 6.45 p. m.; shattered the west window of the dining 
room, breaking four paves of glass and shivering the 
casing, leaving an opening between the casing and the 
wall; also slightly damaged the building in several 
places, and set fire to some articles in the storehouse, 
and burned several holes in the side of a tin bucket, 
allowing the water in it to escape.” 

Again, on September 7, 1883. we read: “ Lightning 
struck the anemometer cups, barning a round hole 
about half an inch in diameter in one of them. The 


contact spring in the dial was badly bent, and the, 


int of contact was considerably damaged by melt- 

. When the insulated wire passed over a nail in the 
side of the house, the head of the nail was melted and 
the wire burned off. luside the window, at a bend in 
the wire, electricity passed off into the sill, setting some 
paperon fire. The paper covering the battery box was 
ignited. Three window lights were broken. A tourist 
in the dining room was badly stunned. Observer in 

sing from dining room to office was severely stunned 
by what seemed and felt like a blow on the head. One 
hand swelled rather badly. The report in the house 
was double, and sounded like striking red hot iron 
upoo which cold water had just been thrown.” 

Some interesting observations of hail stones are also 
given. The stones are said to vary iu size from peas to 
pigeons’ eggs, and many of them were conical in shape. 
Sometimes they consisted of soft white snow through- 
out, without any uucleas, and at other times they were 
so hard as to require a beavy blow to break them, 
When this was the case, 
sented a stratified structure, with a center of clear ice, 
and concentric rings of solid and spongy ice, with an 
outer covering of soft snow. It is noted that in all 


the broken hail stones pre- | 


large number designed to wake up for the want of mo- 
bility? Instead of a single eye that moves in its orbit 
and accommodates itself to various distances, these are 
perbaps fized eyes that have each a particular dirtetion 
aod that permit the auimal to see at varied distances. 
Again, w are not used 


| 
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Fie. 1.—ARRANGEMENT OF THE EYES IN 
VARIOUS SPECIES OF SPIDERS 

2. Cteniza. 3. Theridion. 4. Agelena. 

5. Thomisa. 6 Lycosa. 7. A species allied to 

spiders. 8. Saltica. 9 Epeira. 10. Tetragnatha. 

ll. Segestria. 


in darkness and others in daylight? This is a study to 
be undertaken by placing the animals in conditions 
that permit of the use of only certain of its eyes by 
turns. 

Spiders are diarnal or nocturnal, and there are some 
that live underground, and this requires eyes in har- 
mony with these various conditions of existence. The 


Fie 2.—SEGESTRIA AND ITS NEST. 


hail storms the fall of hail entirely ceased for about | grouping of the eyes soclearly characterizes the species 


half a minute following a heavy electric discharge ; af- 
ter this interval, however, the fall was considerably 
heavier than before 

The following observations, made on October 12, 
1877, have an important bearing on the subject of hail 
formation: ** The rotatory movement of the hail cloud 
could be plainly seen, and with every violent flash of 
lightoing the passing cloud would grow perceptibly 
darker, indicating increased condensation. The hail 
formed by this cloud must have fallen about three 
wiles below, for the wood packers reported quite 
solid hail at the timber line, and none above. This 
verifies the theory that a hail cloud can be trans- 
voried laterally several wiles while the ice stones are 
orwing.” 

The constant crackling of bail when it reaches the 
earth is also referred to, and rocks are said to give forth 
a peculiar chattering noise, as if they were shaken by 
subterranean convulsions, during the oceurrence of 
heavy hail storms. 

These instances of inductive actions manifested dur- 


ing thunder storms, electrical discharges, and their re-| 


lation to hail storms might be considerably multiplied. 
They confirm previous observations in an intense man- 
ner, and should be of some assistance to the student of 
meteorological phenomeua.—A&. A. Gregory, in Nature. 


CONCERNING SPIDERS.* 


It would seem as if the spider ought to be well enough 
known to everybody to make it unnecessary to describe 
it; but, although it is very widely distributed, a close 
examination is rarely wade of this littleanimal. Some 
persons are restrained by a fear that is not justified, 
and others by an unconquerable repugnance. There 
are details, however, that can be seen only by means 
ofa lens and with strict attention. We shall therefore 
recall in a few words the peculiarities of its structare 
and organization. 

The body of the spider is composed of two very dis- 
tinet parts—one comprising the head and thorax to- 

ther (cephalothorax), and the other the abdomen— 
Treaty defined by a constriction. On the front of the 
head there are two appendages provided with venomous 
hooks, and upon the top are distributed the eyes to the 
number of six or eight (in most cases eight) The do- 
mestic s,.der (7egeneria) has eight, arranged in two 
parallel rows (four to the row), forming two nearly 
st.aight lines. 

Everything is strange tu the eyes of this animal—the 
number, the arrangement, and the diversity in size and 
form, that does not necessarily imply a very extended 
or delicate or very sharp sight. 

In the first place, the eyes are fixed and do not roll 
in their orbits as ours do, to allow the animal to direct 


them toward the various points of space, Is not the 


* Continued from Surr_exent, No, TH, p. 


| that it has been used as a means of classification. 


The 
habits bave afterward permitted of accounting for 
some peculiarities that we remark in the eyes. 

Touch seews to be, above all, their most developed 
and acute sense, for, as regards hearing, we cannot 
concede, up to the present at least, that they bave any, 
since we do not find that they have any ears; and it is 
pemissible to arrange among fables the alleged musical 
sense that Pelixson alone (quite a poor observer, by the 
way) bas attributed to them. When a spider comes 
from its retreat at the sound of an instrument, it is 
doubtless on account of the vibrations caused in its web 
by the sonorous vibrations, which, far from charming 
the animal, render it restless. In some species of the 


family Theridiide, the male possesses a stridulatory 
organ, and this allows of the supposition that hearing 
exists in the female of this family. 

Spiders, as we know, have eight legs, but what we 
did not know previous to the ingenious experiments of 
Mr. Cariet was bow they walked. The learned pro- 
fessor of Grenoble wade a cowparative study of the 
walk of four, six, and eight footed animals. Among 
quadrupeds, for example, the giraffe ambles, that is to 
say, alternately advances the two legs of the same side, 
while the horse has two gaits, for it can amble or al- 
j ne advance one of the fore legs with the hind 
jone of the opposite side. The movement of lizards, 
| frogs, and turtles in no wise resewbles that of the 

vadruped wamwmals, despite the fact that they have 
| the same number of limbs. 

Insects simultaneously and alvernately advance the 
odd legs of the same side (first and third) with the even 
leg (second) of the opposite, while they are resting upon 
the three others. he three points of support are the 
apices of a triangle. They walk like two quadrupeds 
that would have the two middle legs in common, one 

| possessing the four first. and the other the four last. 

Finally, spiders walk like two quadrupeds in a line 
with one another, that is to say, by advancing the legs 
of uneven nuwber (one and three) on one side, and, at 

| the same time, those of even number (two and four) on 
the opposite side. If we suppress two legs of the same 
rank, two odd or two even, but one on one side and 
the other on the opposite, so as to reduce the number 
| of their legs to six, as in the insects, they immediately 
begin to walk like the latter. Finally, it you rewove 
two more legs, they waik like quadrupeds. There ia, 
then, as may be seen, a general law of walking among 
living beings that assures stability during the motion. 

It is still less its physical ugliness than its singular 
| habits that should inspire us with aversion for the 
spider. Contrary to the general rule, the spider in 
most cases lives alone. While the maternal instinct of 
animals is often cited as worthy of remark, we rarely 


Fie. 3.—LYCOSA AND ITS BURROW. 


|hear the family of the spider and her tenderness for 
her young spoken of. The observer is sometimes wit- 
ness of a surprising fact, of a true anowaly, at the mo- 
ment of the union of these creatures. He sees a wale, 
generally smaller than the female, and sometimes of a 
remarkably disproportionate size, make his appearance 
upon the web of the lady spider. This little creature 
measures his steps, advances tiptoe, with precaution, 
and seems to feela hope not unmixed with anxiety. 
Is he afraid of displeasing her? Notatall. The court- 
ship does not take long, and, as soon as it is finished, it 
is well for the husband to get away as quickly as pos- 
sible if he does not wish his wife toeat him as she 
would a vulgar fly. This habit is not general, and we 
‘ would fain believe that when the male is thas devour- 


Fre. 4—TRAP DOOR SPIDER AND ITS TUBE 


Fie. 5—WATER SPIDERS AND THEIR BELLS 
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ed, the wife has been fasting foralong time. This 
would be an extenuating circumstance. 

Although the spider observes her conjugal duties so 
slightly. she nevertheless takes good care of her eggs, 
which are round and smooth. These she incloses either 
in a shell or silken bag according to tbe species. Sowe 
collect them in a bunch under their body. At the end 
of a fortnight the little spiders emerge from the egg. 
They differ but little from their parents, and do not 
have to undergo any metamorphosis. The wother de- 
fends them with much tendernessand devotion until 
they are capable of looking out for themselves. Then 
she drivesthem away and goes back home by herself. 
Asan example, we give the Segestria and its tubular 
nest, the entrance to which isshownin Fig. ?. The 
various threads end at a point of the tube upon which 
she places her two forelegs when she is within. Aerial 
spiders are quite familiar to us, but we have less o 
portunity to observe those that live andergronnd or in 
the water. The Lycosa hasa genuine barrow (Fig. 3). 
The tarantula belongs to this genus 

Among other terrestrial spiders, we may mention the 
trap door spider, whose legs are formed, some of them 
for digging and others forspinning. This spider forms 
a circular tube varying in depth from a few centimeters 
to five decimeters, and of a diameter proportionate to 
the size of the animal. The sides are first consolidated 
and made even and then covered with a thickish, strong- 
ly adherent stratum of white and shining silk. The 
opening is closed by an earthen door covered beneath 
with silk. A hinge of strong and elastic silk permits 
the animal to raise the cover (Fig. 4). The top of the 
door is strewed with small stones which prevent it from 
being distinguished from the surrounding earth when 
it islowered. It is truncated at the part where the 
hinge is located. Finally, upon the edge opposite the 
hinge are numerous swall apertures into which the an- 
imal inserts its claws and braces itself against the walis 
in order to keep the cover hermetically closed when it 
is at home and an enemy tries to enter its dwelling. 
Certain species make curved pits with two openings ; 
others make pits bifurcated in the interior, and vary 
the form and dimensions of the various parts. They fix 
covers at the points of bifurcations, and thus have an 
apartment composed of several independent parts. 

inally, other species construct irregular tunnels. 
There is an African species that lines its burrow with a 
tube of white silk thatis prolonged from ten to fif- 
teen centimeters above ground, widens slightly, and is 
held vertically by herbs. Others of the same country 
egg their burrow above ground to a height varia- 

le according to the species, and which at times 
reaches ten centimeters, with or without cover. This 
external tube, which is formed of a very strong fabric, 
is covered with dead leaves and earth. 

In conclusion, one word upon the water spider. Gray 
or brown, and velvety, we see it dive, swim in the 
water, rise to the surface, and then dive again after it 
has constructed its nest. Just observe it! Here it is 
near the surface, head downward, sllowing only the 
extremity of its abdomen to touch the surface. Then it 

uickly crosses the neighboring legs above its body. 

ll around the part flush with the surface there forms 
a slight depression, and the air contained therein is 
imprisoned by the hairs. It is enveloped by it, so to 
speak, and this gives it brilliant and silvery reflections 
when it is immersed in the water. Then it dives, and, 
with its legs, collects the air that covers it into a single 
babble which it deposits under a few tenuous threads, 
or which it fixes to blades of grass. This done, it rises 
to the surface, begins the saine operation again, and, 
at every new plunge, increases its supply of air. The 
babble is then visible. When the latter is of the size 
of a small marble, the spider throws threads over it, 
which, from their silvery luster, have given the animal 
the name of Argyroneta, the “silver spinner.” It 

s and repasses, intercrossing its threads, and fix- 
oo them by their extremities to the neighboring 
plants. 

The bell, which is oval in form, is thus held in sus- 
pension in the water. It is about ten times larger than 
the animal. It is generally represented as transparent, 
but this is because it is not then finished. When it is 
finished it is opaque, like the cocoon of a silkworm. It 
is in this aerial place of shelter, a sort of diving bell, 
that our spider incloses itself, watching for the pas- 
sage of the small aquatic animals upon which it feeds 
and which it afterward devours thereiu. Fig. 5 gives 
the aspect of these water spiders. The first one, on 
the surface, is in the attitude of walking; the second 
is in the act of swimming; the third is at rest under 
theair bubble. The last, to the right, has partially 
entered the bell through the aperture underneath. 
Near the surface, we observe a bell in a cluster of 
plants. 

If the air happens to escape by accident, the spider 
patiently and tirelessly begins again. It does the 
same when the air becomes vitiated by its respiration 
and has to be renewed. It lays its egus in the bell and 
incloses them in a silken shell that it fixes to the en- 
veloping threads. 

It was an Oratorian, the father of Lignac, who was 
the first to describe the habits of the Argyroneta, io 
1744. He observed it in the little river Huisne, near 
Mans. It hassince been seen in other watercourses that 
are usually not very swift, and especially in standing 
water. It is found at Versailles and Gentilly. Mr. 
Plateau, of Gand, foand it in the drains of that city, 
and sent specimens to Mr. Blanchard, of the Institute, 
who, in tarn, made observations upon them in his 
laboratory and confirmed the accuracy of the observa- 
tions made by Lignac’s father. Subsequently, Mr. 
Poujade has made some new and interesting observa- 
tions which have confirmed the older ones.—F. Hement, 
in La Nature. 


A FALLEN LEAF. 


WE have here (Pigs. 1 to 4) three leaves. One is 
bright, fresh, and green : there is life still in it. We 
have just picked it from a poplar. The secon 
whieh is dry and yellow, was picked up at the foot o 
the tree, whence it had just fallen after its death. The 
third is one that we may easily find in some corner on 
a pile of leaves swept up by the gardener. It isa leaf 
of the same tree. but there is nothing left of it but the 
framework. Although once green and living, it now 
has the aspect of a skeleton, and its lines alone recall 
its primitive form. 

The green, ot long. wore or less rounded leaf, pointed 


petiole is contin by a midrim, whence branch 
\secondary veins that are connected by a network of 
rimiets. The entire leaf is covered with a peilicie that 
ean be rewoved in small fragments. This is ry 
| dermis ; and we observe that the lower surface is of a 


| tee extremity, recalis the form of a triangle. | stance called ehlorophyl, which gives leaves their color. 


The epidermis is composed of analogous cells, flattened 
and arranged alongside of one another, like the bricks 
in a wall, bat without any trace of chlorophyl. Rami- 
fying among these cells, and supporting them after the 
manner of a framework, we find the network formed by 


Fie 


lighter color and less briiliant than the upper surface, 
which faces the sky. 

We have now seen all that we can discover by the 
naked eve, but the microscope is to reveal other details 
tous. Let us, by means of a pin, detach a fragment of 
the epidermis of the leaf_and place it upon a glass slide 
under a wicroscope. We shall then see (Pig. 6) that 


Fie. 2—FRESH POPLAR LEAF. 


the entire surface is dotted with small oval apertures. 
| These are the pores or stomata of the epidermis of the 
leaf. These stomata are found in greater abundance 
jupon the lower than upon the upper surface. They 
| serve as Openings to small chambers, geverally in com- 
munication with aeriferous channels arranged in the 
green substance of the leaf (Fig. 7). The number of 


Fie. 3—DRIED LEAF. 


stomata found in a leaf varies from a dozen or two to 
160 000 to the square inck. 

In order to examine the substance of the leaf, it is 
ouly necessary to make a very thin section of it, when 
an arrangement like that shown in Fig. 7 will be seen 
under the microscope. Between the two layers of epi- 
dermis we perceive rounded cells containing a green sub- 


1—SKELETONS OF VARIOUS LEAVES. 


the subdivisions of the petiole. So much for the ana- 
tomy of the leaf. 

If, during this examination, we place a green poplar 
leaf under an inverted tumbler full of water and ex- 
posed to the rays of the sun, we shall soon see bubbles 
of rising from the leaf. A disengagement of gas 
will also take place in darkness, but the two gases differ, 
In the daylight we obtain oxygen, but in darkness we 
obtain carbonic acid. In fact, in the light, the chloro- 


Fie. 4.—SKELETON OF A LEAP. 


phy! of plants decomposes carbonic acid, absorbs car- 
pn, and sets oxygen free. In darkness, on the con- 
trary, there is an absorption of oxygen and disengage- 
ment of carbonic acid. 

Let us now examine our second leaf, the one which, 

ellow and dry, has fallen of itself. Why is it yellow ? 

hemists tell us that this color is due to a transforma- 
tion that the chlorophy! has undergone. The same is 
the case with the red or brown leaves that strew the 
earth. These fallen leaves are naturally dry, since they 
have ceased to receive the sap that circulated in the tree, 


Fie. 5.—FALL OF THE L&AP. 


and all the water that they contained in their cells has 
evaporated, and these cells themselves have dried up. 
Let ns examine the extremity of the petiole of our 
fallen leaf (Fig. 5). It is not in the least bit ragged, bet 
is very cieanly cut, and the vessels that passed from the 
plant into the petiole are not open, but are closed. Ff 


t 
iseasy to prove this by examining the surface with 
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alens. It is the same upon the branch at the place 
where the leaf was attached. Upon the scar, we ob- 
gerve a series of dots, which represent the extremity 
of broken vessels. 

Bat you willsay to me the leaves of evergreens do 
not tall. In reality, the leaves of the last season re 
main attached to the branches until the development 
of the new leaves in the spring. The result is that the 
tree is always covered with green leaves, and this would 
make one believe that the same leaves remain attache! 
to the tree from one season to another. In some species, 
however, the leaves persist for periods of two, ten, and 
even twelve years; but they fall at last, as may be eas- 
ily seen by examining the soil of a forest. 


How is this fall accomplished * As soon as the leaf! 


Fie. 6—EPIDERMIS WITH STOMATA. 
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further said that, from the structure of the hair and 
its relation to the skin, he considered it impossivie. 

| Dubriog (third edition) is authority for the statement 
that Hebraand Kaposi discredit sudden canities. There 


is nevertheless no doubt of the fact that such change | 


does sometimes oceur: and to set the matter de- 
finitely at rest, I looked up the subject in the Library 
of the Surgeon General's Office. The following are 
some of the references found 

Dr. William P. Dewees* reports a case of puerperal 
coo vualsions under his care ‘rom 10 A.M. to4P 
fifty ounces of blood were taken. Between the time of 
Dr. Dewee's visits, not more than an hour, the bair in- 
terior to the coronal suture turned white. The next 
day it was less light, and in four or five days was 
nearly its natural color. He also mentions two cases 
of sudden blanching from fright 

Dr. Robert Fowlert reports the ease of a girl sixteen 
years of age, apparentiy in good health, hair black, 
whe found ove morning in combing her bair that a 
strip the whole length of the back hair was white, 
starting from a surface about two inches square around 
the occipital protuberance. Two weeks iater she had 
patches of Ephelis over the whole body. 

In the (unada Journal of American Science, 1882, p. 
113, is reported a case of sudden canities due to busi 
ness worry. The microscope showed a great wany air 
vesicles both in the medallary substance and bet ween 
the medullary and cortical substance 

Dr. Graves} says most authors are of the opinion that 
the hair, once formed, is independent of the organism, 
with which opinion he disagrees, instancing Pica 
polonica as opposed to sucha theory. He gives the 
following cases 


has developed, th. process that is to detach it from the 
plant begins. The petiole becomes constricted at the 
point where it is attached to the branch, and the con 
striction sensibly increases uutil the joint that holds 
the leaf is so weak that the slightest torsion, or its own 
weight even. suffices to detach it The leaves of some 
trees (those of the oak, for example), although they die 
and dry ap in autumn, frequently remain attached to 
the tree until the following spring, when the develop 
ment of the branch detaches them, If is clear, then, 
that the death and the fall of a leaf are very different 
things, and that che second is not the cause of the first 

Finally, let us rapidiy examine the skeleton of the 
leaf. The vessels that carry the nutritive juices to the 
leaves are arranged in all the veins. It isa curious fact 
that the veins have, with respect to the midrim, an ar 
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Fie. 7.—SECTION OF A LEAF 


rangement analogous to that of the branches with re- 
apect to the trunk. The leaves with a petiole indicate 
that the trunk of the tree that bears them begins with 
astraight stcck. The figures that we give, and in 
which each leaf is easily recognized, will show the 
reader the relations that we have indicated much bet- 
ter than a long explanation.—L. Beaura/ 

| 

CHANGES IN COLOR OF HAIR AND 
FEATHERS 

THE question of change of color of the hair is an in 
teresting one, both from a physiological point of view 
and from the practical one of pathology. The physio- 
logical aspect erubraces the question of how a change of 
color takes place—whether in existing hairs, or pro- 
duced by shedding of the bair and a new growth taking 
its place of a different color. 

It has been doubted by good authority (Hebra and 
Kaposi) if the hair, after being oace developed, | 
ean change except by a very gradual precess. This} 
doubt is based upon the theory that the hair has no} 
vascular or nerve connection with the general sys-| 
tem, and must therefore be independent of nervous 
or systemic influence This position is, however, | 
not tenable. The clinical evidence is positive that 
the hair does change color under systemic influences, 
sometimes gradually, aud sometimes suddenly We 
hear frequently of the hair turning white in a night 
from violent emotions, as fright, great grief, or wreat 
joy ; and it has come to be a method of expressing 
extreme emotion to say, “It was enough to turn 
one’s hair white.” I say it is not an ancommon | 
thing to see wention of such cases in popular litera- 
ture, but well authenticated cases are not so often 
found, It is reeorded in history that the hair of Marie 
Antoinette and Mary Queen of Scots became white | 
suddenly from the horrors to which they were sub 
jected. Poets have not failed to avail themselves of 
the idea. Byron, in the ‘* Prisoner of Chillon,” says :| 


“ My hair ix vray, but not with vears ; 
Nor grew it white 
In a single night, 
As men’s have grown from sudden fears.” 


A short time since, in conversation with an eminent. 
microscopist and pathologist.* | asked how he would 
explain from the basis of minute anatomy the sudden 
ehange in color of the hair. He replied that he did 
notexplain it; that he did not believe it happened ; 


© De, Gray, of the Army Medical Museum. 


beard 


1. A British officer in India, forty eight vears old, 
fell into bad health, and became prewaturely gray 
He returned to England, regained bis health, and in 
four vears his hair returned to its origna! brown 

2. In «a man sixty-seven years of ace. hair white, 
chest covered with long white hair. the chest was biis- 
tered, and when hair grew out over the blistered sur- 
face, it was black. 

3. In a wan aged thirty-five, bald, a small blister 
the size of a crown piece was applied to vertex for con 
gestion of the brain. Growth of hair followed over 
the blistered surface 

4. A lady, hair ot vertex gray and very scanty, ap 
plied tar water. Hair grew, and was of natural color 

5. The same occurred in another case after applica- 
tion of citrine ointment. 

In the Boston Medical and Surgical Journal, 1851, 
is reported a case of aman thirty years old whose 
hair was seared white in a day by agrizzly bear. He 
was sick in a mining camp, was left alone, and fell 
asleep. On waking, he founda grizzly bear standing 
over him 

A second case is that of a man of twenty-three years 
who was gambling in California. He placed his en- 


at | tire savings of eleven hundred dollars on the turn ofa 


eard. He was under tremendous nervous excitement 
while the cards were being dealt. He won. The next 
day his hair was perfectly white 

In the same article is the statement that the jet black 
hair of the Pacific Islanders does not turn gray gradu- 
ally, but when it does tarn, it is sudden, usually the re- 
sult of fright or sudden emotions. 

The following cases are of change of color from white 
to black : 

Dr. Bruley,.$ physician to the Fontainebleau, reported 
to the Societe Medicale, Paris, iu 1798, the case of a 


wowan sixty years old, whose hair, vaturally white | 


and transparent as glass, became jet black four days 
before her death (phthisis). On examination after 
death, the bulbs of the black hairs were of immense 
size and engorged with dark pigwent. The roots of 
white hairs that remained were dried up, and two 
thirds smaller in size.! 

Dr. Alanson Abbe! mentions the case of Dr. Capen, 
who had become gray, but, on recovery from disease, 
his hair became quite dark. 

In the St. Louis Medical and Surgical Journal, 1945, 
p. 310, there is reported the case of an old man eighty 
one years of age, robust and hale. His hair, from be- 
ing perfectly white, became black, and the same of the 
This man also presented the phenomena of 
second sight. He could read readily without glasses. 
The text books on skin diseases also mention cases. 
Several cases of sudden canities are referred to in 
Ziemssen. 

Brown-Sequard, in his own person, noticed one day 
a white hair in his beard where there was none the day 
previous. He pulled it out, and the next day others 
appeared. This was observed repeatedly, and there 
was no doubt the bair in its entire length turned white 
in one night. Under the microscope these white hairs 
showed small air bubbles in place of the normal pig- 
went. Ina case of hemiplegia the Imir became white 
on the paralyzed side. The same has been reported in 
cases of neuralgia. Other anomalous cases have been 
noted where the hair became white in patches, and 
where individual hairs have been seen alternately 
white and black at different stages of its growth, to 
which condition Karsh and Landois have given the 
name of * ringed hair,” and ascribed it to an intermit- 
tent trophic disease affecting the hair follicle. Wilson 
mentions a case where the hair was gray in winter, 
and regained its normal color in summer. 

Alibert® and Beizel relate cases of women with blond 
hair which all eame out after severe fever, and when 
new hair grew it was black. Alibert also relates the 
case of a young map who lost brown hair during ill- 
ness, and that which replaced it was red. In the case 
of an epileptie girl of idiotic type, with alternating 


| phases of stupidity and excitement, during the stage 


of stupidity the hair was blond, during excitement it 
wasred. The change of color took place in two or 
three days, the change always beginning at the ends of 
the hairs. Pale hairs showed an increased namber of 
air spaces. It has been frequently observed that, 
when the hair changes color gradually, the change be- 
gins in the end, and extends toward the bulb. In con- 
versation with an eminent ornithologist on the change 


* Philadelphia Medical Masenm, 1807, vol. ih., p. 219. 
+ London Lancet, 183), p. 54. 

$ Dublin Quarterty Journal of Medical Science, 1847. 
§ Boston Medica! and Surgical Journal, 1&2, p. 408. 

1 Wileon, Skin Di<eases, p. 

{ Drocker, Diseases of the Skin, 1888. 


of color in the plamage of birds, he said, | have 
lately been watching hairs in my wustache turn gray, 
and they always begin at the ends. and it extends to 
the roots.” 

Speaking on the subject with a lady, she mentioned 
the case of the physician who attended her at the sea- 
shore last sammer. The doctor's hair was long and 
quite gray. Ove day he came in to see her after hav- 
ing his hair cut, and she was surprised to notice that 
the gray hair had given place to black. Examination 
showed that his hair toward the ends had been white. 
and that nearer the skin black. The white portion had 
been removed by the cutting 

The cases here collected are only a few in comparison 
to what might be found; but they are sufficient to 

prove beyoud all reasonable doubt that the hair does 
| suddenly change color under certain circumstances, 
j}and the change takes place in existing hairs. 
Analogous to changes in the color of the hair in man 
)are the changes which occur in the lower aniwals. In 
animals and birds such changes are often periodical, 
as in their summer and winter coats. This occurs toa 
very marked degree in a great many species. Thus the 
ermine ip summer is dark brown, in winter is pure 
Awong birds the ptarmigan is white in winter 
jand brown in summer. So with our familiar bobolink, 
yellow in fall. in spring black and buff. As to the 
question whether, in birds and animals, this change 
| takes place in individual feathers and hairs, or whether 
all the old plamage and fur is shed by moulting, recent 
investigations favor the view that itis due to both. 
Dr. Elliott Cones* says it may be either or both. 
Mr. Robert Ridgway (Smithsonian Institation) in- 
chines to the opinion that in birds it is accomplished 
by moulting. Dr. Louis Stejneger (Smithsonian In- 
stitution) was formerly of the same opinion, but recent 
studies have inclined him to the belief that there is 
also a change in the color of existing feathers. He 
was led to this change of belief by a critical study of 
the changes in color of the black and white flyeatcher 
of Europe, and especialiy from an examination of a 
series of twenty-seven specimens of the parcissus fly- 
eatcher (Tunthophygalia narcissina) of Japan. His 
studies in fall will appear in the © Proceedings of the 
United States National Museum, 1889." Dr. C. Hart 
Merriam, ornithologist of the Agricultural Department, 
ina letter dated Jane 12, 1889, says, “‘ The change from 
fall to spring plumage in birds is due to moult—without 
exeeption, as faras lam aware. Jn the case of mam 
mals the matteris now in dispute. Probably in the 
majority of cases it is due in part to moult and in part 
to actual change in the color of existing hairs. ; 
| The change in the color from immaturity to maturity 
| is always due to the growth of new hairs or feathers.” 
That the change in birds and mammals is due in 
|} part, at least. to change of existing coats seems estab- 
jlished. Sometimes this change is almost sudden, as 
where the change of season is very abrupt. In such 
ease, of course, there would not be time for the growth 
of new hair or plumage. 

In the golden plover (Charadrius dominicus) the 
black belly of summer changes to white in winter. 
While this change is taking place, individual feathers, 
part black and part white. may be seen. In Bona- 
parte’s gull, a common gull of our coast (Larus Phila- 
delphia), the black of the head of summer changes to 
white in winter, principally by change in color in exist- 
ing feathers. 

Another interesting feature of this question, as bear- 
ing on the change in the color of the hair by drugs, is 
the influence of certain substances administered as food 
in changing the color of tissues in some of the lower 
orders. In orange canaries it bas come to be an estab- 
lished fact that, by feeding the parent bird with a cer- 
tain kind of food, the active ingredient of which is 
cayenne pepper, the offspring will be of an orange 
,color ; and orange colored canaries may be seen in the 
stores of most bird fanciers. A _ food for producing 
jorange canaries is extensively advertised by a bird 
dealer iu Baitimore (Bishop). It is reported that the 
Indians of the Amazon cause green parrots to change to 
yellow and red by feeding them upon the fat of a cer- 
| tain fish allied to the shad.+ Dr. Merriam, in the letter 
| previously quoted, says: “It is well known that food 
affects the color in birds. Red purple finches and pine 
grossbeaks invariably turn vellow when caged. This 
is due undoubtedly to the absence of some important 
food element. In some of the zoological gardens of 
Europe it is the custom to send white spoonbills and 
| lamingoes to Amsterdam Garden to be recolored. The 
| particular food by which Mr. We-termann accom- 
| plishes this end isa secret, but it is believed to bea 

kind of shrimp or small crustacean which has a quan- 
tity of red pigment in its shell.” 

In the same direction are the changes of color in 
other tissues by particular foods. It has long been 

| known that when pigs are fed on madder, their bones 
| beeome red. This fact has been taken advantage of 
| by physiologists in studying the structure and devel- 
opment of bone. The phosphate of lime acts on the 
|eoloring matter of wadder as a mordant. When giver 
intermittently to a growing animal, the bone presents 
alternate rings of red and white.t 

Darwin$ mentions that pigs in Virginia eat the paint 
root (Lachnanthes tinctoria), and their bones are col. 

ored pink, and it caused the hoofs of all but the black 
varieties to drop off. ‘* From facts collected by Heu- 
singer it appears that white sheep and pigs are injured 
by certain plants, while dark-colored individuals es- 
eaped. On asking some farmers in 
Virginia how it was that ail their pigs were black, he 
was informed that the black members of a litter were 
selected for raising, as they only had a ehance of 
living.” 

Fleurens (1824) made use of madder for coloring the 
semicireular canals of pigeons, to outline the canals 
more distinctly (see also Ferrier on ** Fanctions of the 
Brain,” and the writings of Vulpin, the French physi- 
ologist). Mr. Lucas, osteologist of the National Muse- 
um,‘informs me that the bones of the crow are wade 
purple by feeding on pokeberries. Ridgway says the 
bones of the Western fox squirrel are red, while those 
|of its Eastern brother are white. No cause has been 
| assigned for the difference. See experiments by Marci 

Paolini in 1841 (“Specimen quorundam experimento- 


white. 


Pur-bearing Animals. 
? Wallace's Amazon. 

3 Todd's “ Cyclopedia of Anatomy and Physiology,” vol. ili., p. S53, 
§ “ Origin of Species,” p. 9. 


12452 
\ { 
| 
x ] oy) a 2 \— 
CHO 
3 wee, oF 
e@ee 
| 
‘ 
é 
t 
| 


Decempen 6, 1890. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 779. 


rum de vi Rubiae ad ossa ovorumque Gallinariam - 
tawina ealearie coloranda,” No. lof Miscellanii Me- 
dichi,” pamptiet vol. 1149). He gives a very good 
plate of the colored skeletou of a fowl, and also of its 
colored egg after four months feeding Aubia tincto- 
rium. He also gives references to other authorities, 
the most satisfactory of which is Belchior (** Philo- 
sophical Transactions,” vol. ix.. 1732-44), who gives an 
account of feeding hogs and fowls with madder root 
and wheat meal. A rooster so fed died in sixteen days, 
and showed the condition admirably. Other writers 
take ap the subject after him in the same publication. 

It is reported that among workers in cobalt and in- 
digo the hair becomes blue, also, in artisans working 
with copper, the hair takes a greenish hue. 

The color of butterflies can be changed according to 
the food upon which the caterpillars are fed. More re- 
markable still, perhaps, is the change of color in the 
chameleon and in many insects, according to the color 
of the substance with which they are in contact. 

The environwent undoubtedly has a powerful influ- 
ence upon the coloring of animals and birds. This is 
clearly illustrated in every museum of natural history 
Specimens from arid desert regions are uniformly of a 
dull appearance, compared with those from regions of 
luxuriant foliage. 

M. G. Pouchet,* in his work “ Mechanism of Change 
of Color in Fishes and Crustaceans,” says that change 
of color in fishes is due to the size of contractile colored 
cells placed in the skin. These are under the influence 
of the nerves. The author found that the particalar 
nerves controlling them (in the turbot) were nerves of 
the sympathetic system. By eutting the nerve sup- 
plying a particalar area of the skin, he had been able 
to retain that area anehanged in color, while the rest 
changed as the fish found itself on a dark or light sur- 
face. That the eve is the means by which this change 
in its condition is communieated to the fish or erusta- 
ecan, and that then reflex action takes place throagh 
the sympathetic nerves on the color cells of the chro- 
matophors, is proved by the fact that, when the an 
mal experimented on is blinded, no further change of 
eolor oceurs when it is removed from light to dark or 
the opposite (see also Monthly Microscopical Journal, 
1871, vol. vi., M. G. Pouchet on ** Study of Connection 
of Nerves and Chrowoblasts,” principally in fishes and 
batrachians). 

The reasons assigned by naturalists for peric ical 
change in color of plumage or fur are twofold: (1) 
sexual selection ; (2) as a protection against enemies 

1. Sexual selection. The male takes on a brighter 
and more attractive appearance to facilitate the busi 
ness of courtship and the securing of a mate. 

2. As a protection against enemies. Iu Arctic regions 
birds and mammals are usually white in winter, the 
eolor of the snow ; so that they are with more difficulty 
found by their enemies. Darwin supposes that origi- 
nally only a few individuals took on this change, and, 
these being better protected, gradually, by a process 
of nataral selection, only the white variety was left. 

It is apparent, from what has been said, that there 
is very much concerning the changes of color of the 
hair and other appendages of the skin in man and the 
lower animals thatis not understood. In its normal 
condition, the color of the hair is dependent upon the 
hair bulb. It is here that the melanine is secreted 
from the coloring matter of the blood, and from this 
point, as the hair grows, it permeates its cells, the in- 
tensity and shades, from black to blond, depending 

»vrincipally upon the amount of the coloring matter. 

on black hair the hair bulb is larger, contains a greater 
amount of melanine, and the hair itself is coarser and 
of more vigorous growth. In those cases where the 
hair has turned from white to black, and minute ex- 
amination has been made, this bas been found true. 

In the case reported by Bruley, already referred to, 
of a woman aged sixty, whose hair, previously white, 
became jet black four days before her death, the bulbs 
of the black hairs are described as being of immense 
size and engorged with dark pigwent, while the roots 
of the white hairs that remained were dried up and 
two thirds smaller in size. So, on the other hand, in 
change from dark to white, the hair is finer in texture, 
less vigorous in growth, and the bair bulbs smaller. 

The sudden change in canities, when due to violent 
emotions, can be explained in no other way than 
through the bulb. It is true that there is no direct 
vascular Or nerve connection between the bulb and its 
hair after it emerges froiu the skin, but it is also un- 
doubtedly true that there is communication by osmosis 
between the cells of the papilla and those of the shaft 
and different layers of the hair. 

Wilson + ascribes the cause of sudden whitening of 
hair to insufficient nutritive power of the skin, and 
also suggests that there may generate a yaseous fluid 
in the hair in place of its normal constituents. He 
says, further, that the fluids from the blood vessels of 
the skin permeate the hair, and thus change in fluids 
way alter the color. 

In all the cases of sudden change to white, where 
the hair has been examined, the coloring matter has 
disappeared, and in its place is found an aecuwulation 
of minute air globules. The same is true of gray hair 
of advancing age. How the air gets into the capillary 
structure has never been explained. Two possible ex- 
planations are offered ; one is, that in the destruction 
of the coloring matter a gaseous substance may be de- 
veloped ; the other is that air may find entrance from 
without, through the sides or end of the hair. It is 
possible to suppose a condition of the bulb producing 
a vacuum in the hair shaft that shall cause, by suction, 
a drawing in of air. The view that the air finds en- 
trance through the end of the bair is supported in the 
fact that the change of color begins at the extremity. 

Erector pili muscle has an important influence on 

thologieal changes which take place in the hair bulb. 

his minute muscle has its origin in the true skin, and 
passing downward, is inserted into the base of the hair 
bulb, so that when it contracts it iifts the hair out- 
ward, and compresses its papilla. The effect of sudden 
fright eauses the hair to “stand on end” by contract- 
ing this musele. Temperature has its influence with 
animals and birds. n cold weather (winter) the 
change is to white, in summer to black. Cold, we 
know, contracts the skin, and thus probably causes 
pressure on the hair bulb. That the hair is easily in- 


* Transactions of the British Association for the Advancement of 
Science, 1872, p. 152. 
¢? Lecture on Skin. 


| fluenced by external causes, as well as those which | mation, some offering money for the receipt, others in- 


come through its balb, is fully demonstrated. The 
mere fact that it can be so readily dyed and bleached 
artificially shows that the agents used for this purpose 


penetrate its substance. Bleaching agents, such as | 


chlorine, peroxide of hydrogen, and strong alkalies, act 
by removing the coloring matter, and not by adding 
any whiteness of their own. 

It remains to say a few words upon the subject of 
changing the color of the hair by substances taken 
internally. 

1. In the human subject the only agent, as far as I 
am aware, which has been charged with changing the 
color of the hair, when taken internally, is jaborandi 

2. Cayenne pepper food changes the color of canary 
birds to orange. This is a well known fact to bird fan 
ciers. | tried in Washington to get a specimen, but 
was toid it was not the season for them, that they came 
in the autumn, also that they soon relapsed to their 
original color anless the cayenne pepper food was kept 
up. 

3. The change of color in parrots by the Indians of 
the Amazon, from green to yellow or red, is produced 
by feeding the fat of a certain kind of fish (Wallace's 
* Amazon”). 

4. The restoration of certain birds to their original 
brilliant colors at the Zoological Garden, Amsterdam, 
is the result of feeding a kind of shrimp or small crus- 
tacean. 

5. As analogous to the above is the effect of mad- 
der in staining the bones of pigs red, and of pokeber- 
ries coloring crows’ bones purple. 

It wight be of interest to study the influence of diet 


and habit upon the color of hair in different nations of | 


men, as, for intsance, why the Saxons have light hair, 
and the Gauls biack hair. It is within the bounds of 
possibility, also, that discoveries may be made in the 
future by which the color of the hair in the human 
race may be modified by judicious treatment of the 
parents, 

Some colors of hair are not popular, especially with 
indies, and it is not likely that cayenne pepper will 
‘ver become popular to produce the orange hue; but 


if its antithesis should be discovered, and the orange | 


changed to black or blond, then perhaps the gentle 


maiden with auburn hair will disappear, and the white 


horse be left in melancholy solitude. 


Iu the Philadelphia Medical Times of July 2, 1881, | 


I published a case entitled “* Remarkable Change in 
the Color of the Hair from Light Blond to Black ina 
Patient while under Treatment by Pilocarpin.—Report 
of a Case of Pyelo-Nephritis with unusually Prolonged 
Anuria.” This was a case of a lady twenty-five years 
of age, and the drug was used to relieve the uremic 
symptoms resulting from the anuria, which latter was 
extreme. On Dee. 16, 1880, treatment of pilocarpin hy- 
drochlorate hypodermicaliy was commenced, the dose 
given being one ceutigramme (one-sixth of a grain). 
The effect of this was very prompt, and the sweating 
and salivation produced most profuse. The relief to 


the uremic symptoms was complete, the patient falling | 
into a quiet sleep as soon as theeffect of the drug) 


ceased, and sleeping all night, awakening in the morn- 
ing bright and refreshed. The pilocarpin was thus 
used twenty-two times from Dec. 16, 1880, to Feb. 22, 
1881, requiring thirty-five or forty centigrammes. As 
the patient became accustomed to the medicine, it was 
found necessary to give two centigrammes at a dose. 
After Feb. 22 she began to improve, and no more was 
required. All her life up to November, 1880, the hair 
wasalight blond. Four specimens of the bair were 
sent tothe editor of the Philadelphia Medical Times, 
with the report of the case, for his inspection, and 


closing money in advance; which latter. be it known, I 
at once retarned. One from London, England, inclos- 
ed the half of a two-dollar bill, with the information 
that the other half would be speedily forthcoming on 
receipt of the formula or medicine. 

These are the only cases thus far reported in whiel: 
pilocarpin has been supposed to change the color 


| of the hair. 


In 1879, Dr. G. Schmitz,* of Cologne, reported two 
cases in which pilocarpin stimulated the growth of 
the hair in alopecia. One patient, aged sixty, was 
completely bald. Pilocarpin was injected subcutane- 
ously for disease of the eye. After three injections, 
within a fortnight, the head became covered with a 
thick down, which grew rapidly, so that in four monthe 
no trace of the baldness was left. No mention is made 
of the color. In the second case the patient, aged 
#4, hada bald patch on top of the head, the size of a 
playing card. There was total restoration of the bair 
after two injections, in ashort time. 

Scholler+ tells of similar results in animals in which 
alopecia had been produced by injections of bacteria. 

Oscar Simon! relates the case of a woman, aged 30, 
who had general baldness—head, eyebrows, eyelashes, 
In a few weeks, after twenty injections of pilocarpin, 
(the hair of the whole body was restored. In other 
| cases so treated there was no effect whatever. 

Landesberg,$ of Philadelphia, says that in more than 
a hundred cases of eye disease treated by pilocarpin, 
he observed no effect whatever upon the growth of the 
hair. The dose and mode of ministration are not 
wentioned. 

In 1882, Julius Pohlman] experimented on white 
rabbits by hypodermic injections of piloecarpin. The 
dose used was large—one grain three times a day. No 
change in color was noted in pure white rabbits. In 
party-colored animals, white and brown, in one a 
brown spot on the back of the head deepened, and 
spread to a remarkable degree down the back aad 
sides of the animal to the legs. In other individuals 
no change was noticed. Post-mortems in these ani- 
mals showed enlarged spleen and altered suprarenal 
capsules. D. W. PRENTISS 


ANCIENT BYZANTIUM. 
By J. H. Bur@ess. 


CONSTANTINOPLE under the reigns of Areadius and 
Honorius (who divided the empire between them into 
East and West, A. D. 380) contained 4,388 houses, be- 
sides 14 extensive palaces or mansions ; it contained 8 
therme# or large bath establishments, 2 basilicas, 2 
forums, 2 senate houses, 2 theatera,-52 porticoes, 158 
private baths, 20 public swimming schools, the purple 
colamn, 2 other honorary columns, and 1 colossus, a 
mint, a capitol, 4 harbors, a circus, together with 
cisterns, nympleea and other objects necessary for a 
great city; 13 curators and 65 vico-magistri had the care 
of the whole; and there were at that time only four- 
teen churches, 

It will be seen from the above enumeration that the 


| City of the East bore no comparison £0 lmperial Rome, 


|either in the splendor oF quantity of public edifices. 
The Goths and Vandals spared more of Rome than the 
Turks have done of Constantinople, and the basiliens 
|and museums supplied by popes have by far outshone 
|in splendor and magnitude the mosques and hands of 
| line of sultans. The hippodrome is the first object of 
| antiquity that attracts our notice, and upon its now 
disfigured arena “‘ we are met by the shades of Justin- 
) ian and Belisarius.” The Turks call it by a name which 


were as follows: (1) November, 1879; (2) November, | denotes its original purpose, ‘‘atmeidan,” or the place 
1880 (on this and the preceding date the color was the | of horses. Septimus Severus first made a circus in the 
same, a light blond, with tinge of vellow); (3) Jan. 12,| midst of the ancient Byzantium, modeled, no doubt, 
1881, achestnut brown; and (4) May 1, 1881, almost alafter the Cireus Maximus at Rome, and this after- 
pure black. The growth of hair was also more vigor-| ward became the hippodrome; the space which was 
ous, and individaai hairs thicker. I believed at the! the arena is yet clear of buildings. Three monaments 
time, and still believe, that this change of color was/|of antiquity remain in their original positions: 1. A 
eaused by the pilocarpin. The lady is still, at this | half ramed pyramid of stone, which it appears from an 
date (March 10, 1889), under my observation. Her hair | inseription was covered with bronze by Constantine 
is now dark brown, having retarned to that color from | Porphyrogenitus ; 2. the twisted column of the bronze 
black. The full report of this case can be found in | serpents ; and 3, an Egyptian obelisk. 
the Philadelphia Medical Times for July 2, 1881. All these stand in a line, and I have little doubt they 
The following case is reported as adding another to | formed some of the ornaments of the spina ; there is a 
the evidence that jaborandi will produce the effect bass-relief on the obelisk, which I take to bea represen- 
mentioned under favorable circumstances. Mrs. L.,| tation of the spina; from the stone pyramid to the 
aged seventy-two years, was suffering from Bright’s| twisted column I measured forty-seven ces, to the 
disease (contracted kidneys). Her hair and eyebrows | obelisk twenty-two; the whole length of the hippo- 
have been snow white for twenty years. She suffered | drome I calculated at 1,000 feet, that is, about half the 
greatly from itching of the skin, due to the urewia of | length of the Cireus Maximus at Rome, I need not 
the kidney disease; skin harsh and dry. For this symp-| stay to describe the pyramid of stones; it is a rude 
tom fluid extract of jaborandi was prescribed, with the | work and merits little observation ; but the twisted 
effect of relieving the itching. It was taken in doses of | column is one of the most interesting classical monu- 
twenty or thirty drops several times a day, from Octo-| ments in existence ; noone ever doubted that this suri- 
ber, 1886, to February, 1888. During the fall of 1887, it }ous relic was brought from the Delphic temple, and 


was noticed by the nurse that the eyebrows were grow- 
ing darker, and that the hair of the head was darker | 
in patches. These patches and the eyebrows contina- | 
ed to become darker, until at the time of her death | 
they were quite black, the black tufts on the head = 
senting a very curious appearance among the silver | 
white hair surrounding them. 
At the time the first of these cases was reported, the 
facts as stated were received with considerable incredu- | 
lity, the editor of one well known Western medical 
journal openly refusing them eredit. Others preferred 
the charge that the lady had formerly bleached her 
hair, and that when this was no longer possible her 
hair returned to its original color. In reply to these 
**snggestions,” I will only say that the facts are known 
toscores of peopleat her home in Washington, D. C., 
| and are entirely beyond question. 
| As illustrating the ubiquity of the daily press, and 
the ease with which all sorts of nostrams, valueless or 
otherwise, may be brought into notice through the 
newspapers, and how easy it is to make such a matter 
| profitable to the advertiser, | mention an incident in 
| connection with the case just reported. 
| It seems that some enterprising new man be- 
eamne cognizant of the case, and put a short notice in a 
New York daily paper to the effect that a drug had 
been discovered that would turn white hair black, and 
make hair grow on bald heads, giving my name as be- 
| ing connected with the Smithsonian Institution. This 
paragraph must have been extensively copied in news- 
papers both throughont this country and abroad. The 
first intimation I had of its existence was an avalanche 
of letters wanting 


from all parts of the country 


was the consecrated offering of the Greeks after the 
glorious defeat of Xerxes. 

Gibbon dwells u 
his skeptical mind admits that it is genuine. It now 
stands about eleven feet above ground ; three serpents’ 
tails are twisted together into a column, their heads 
supported the golden tripod, which, of course, has dis- 
appeared. Mahwmond with a stroke of his battle ax 
broke one of the serpents, and the other two heads 
have gone with the golden tripod. If this relic were 


| still at Delphi, it might be doubtfal whether it should 


follow the destiny of the Elgin marbles ; but our allies, 
the Turks, are little curious upon these classical sub- 
jects ; they have long ago scratched Arabic characters 
upon the folds of this Delphic column, and in the hol- 
low of the bronze they have amused themselves by in- 
serting stones. Under these circumstances I would 
encourage the idea of enriching our national deposit- 
ory of antiquities with the twisted column, and I 
should imagine that a piece of cannon, being of equal 
weight with the bronze, would be considered an ample 
equivalent for a useless piece of antiquity. The obe- 
lisk was set up in the reign of Theodosias, as it appears 
from ins-:riptions still legible on the lower plinth of the 
estal 


It would occupy me some time if I were to attempt 


* Berliner klinische Wochenechrift, No. 4, 1879; Medical Batletin, 
Philadelphia, 1882. 

+ Klebs's Archiv, 1879. 

Becliner klimise he 

§ Medical] Balletin, Philadelphia, 

4 Buffalo Medical and Sargical Journal, 1882, p. 441, 


n this relic with delight, and even - 
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to deseribe and transiate the bass-reliefs and inserip- 
tions, Greek aod Latin, which are seen on the four 
faces of the obelisk ; | hope the task may be performed 
by some of our ceoturious during the vacancy at Con 
stantinople. The four steeds of brass now glowing be 
fore St. Mark's at Venice, “ their gilded collars glitter 
ing in the sun,” were taken from this hippodrome, and 
most probably stood over the Porta Powpa, that is, 
the gate by which the processions entered the arena, 
through the middle of the “Carceres.” The factions 
of the blues and greens, which once shook the walls of 
this hippodrome, have long since ceased, but the 
scenes of cruelty and bloodshed of whieh the arena was 
the witness inflicted such a wound on Oriental Chris- | 
tianity that Mohammedanism had at last an easy | 
victory. 

The Moslem has now enjoyed his triumph of a 
thoosand years, his dusky wings have overspread the 
fairest regions of the East. There were several tri- 
umphal columns in Constantinople: one in honor of 
Theodosius stood on the seventh or most remote hill, 
and on each side were the statues of Arcadius and 
Honorius ; these are no longer existing, except in the 
pictares of Gentile Bellini; but near tothe Avret Bazar 
there stands a pedestal sustaining the torus of a 
column's base, and this was the pillar of Areadius, 
Not far from the Shah Dgiami, or Mosque of the 
Sultan's Son, stands a column called by the Turks 
* Kistash,” or the virgin’s stone; the basewent and 
pedestal are of marble, the shaft of granite, an! it has 
suffered by fire. On the upper plinth we can stiil de- 
cipher the three words, Quad Tatianus opus; but the 
English traveler Wheeler read the whole inscription. 
It was erected to Titian by the Emperor Marcian, who 
ascended the Byzantine throne in 450. The capital is 
a ponderous weight of marble placed on a tall shaft, and 
it would require ali the skill and knowledge of this in- 
stitute to explain the winged figures and the mono- 
grams which appear on the capital and the pedestal ; 
such caprices generally mark a period of decline in 


phate, 0°17 ; silica and iron, 1625. A mere trace 
was only found. Iu a recent investigation 
Sechlagdenhauleen & Reeb ascertained that 
principle of pyrethrum flowers is an acid (pyrethro- 
toxie acid) soluble in aleohol, amylic aleohol, ether and 
chloroform, which may be isolated by means of ether 
after having been converted into an alkaline salt and 
decomposed by tartaric acid in aqueous solution. Ap- 
parentiy this is the resin above mentioned. 


VERY NEAT PUZZLES. 
THE printing trade journals have bothered the print- 
lers lately by publishing two puzzles that exercise the | 


| faculty of measuring lengths with the eyes. The first 


has straight lines only, and the puzzie is to guess, b 
ove measurement only, which is the longest aud which | 
is the shortest of the three lines marked AA, BB, ce. 


In the other are curves for confusing the measurer. 


art and genius, not unlike some authors who, for 
want of originality, fill ap their pages with inapt 
quotations and try to conceal the theft. The aqueduct 
of Valens is best seen near the At Bazar, or horse 
market. Its origin, no doubt, is Roman ; buat its con- 
spicuous rows of arches are chiefly the patchwork of 
the sultans. The next object of antiquity worthy of 
notice is the burnt pillar, which has attracted the 
special notice of travelers. It isof porphyry, the shaft | 
composed of several pieces, the jointures concealed by 
garlands. 

It is now bound in several places with iron bands to 
keep together the calcinated pieces loosened by the 
fire. Itis said to have been brought by Constantine 
from Rome, and on the top was astatae of Apollo. On 
the upper partis an inscription bearing the nawe of 
Manual Comnenus asthe restorer. When Mahmoad 
Il. entered Constantinople, the creeks had a pro- 
phecy that wher the invaders arrived at the burnt 
— they would be stopped by the destroying angel ; 

ut the prophecy did not come true. Pocock observes 
that aslen died near this column. Very near to it 
are the sabterranean cisterns, two of them now dry, 
and ealy used for spinning andynaking renes. 
one of them I counted five divisions sipported by 
thirty-two granite columns of perfect symwmetry ; the 
second is said to have 1.001 columns, which is just the 
number of stories in the Arabian Night's Entertain- 
ments, but I did not take the trouble to verify the num- 
ber. There is a third cistern which still serves the 
original purpose ; it is calied Batan Serai, and Gyllias 
counted init 336 columns. It best explains the nature 
and objects of those large works made by the Greek 
emperors for supplying the city with fresh water. 
They appear to have attracted the attention of our 
countrymen more than any other object of antiquity, 
and I can conceive a practical engineer preferring the 
cisterns to the burnt pillar or the twisted column. The 
rest of the antiquities of Constantinople must be sought 
for in the walls of mosques and in the gardens of the 
inhabitants. 


CONSTITUENTS OF INSECT POWDER. 


M. Lacovur EYMARD communicates to L'Union 
Pharmaceutique the results of an investigation which 
he has concluded on Dalmatian insect powder, the ob- 
ject being to ascertain why some powders of commerce 
differ from the proprietary powders. A portion of the 

powder was first submitted to the ordinary process for 
the distillation of essential oil, and a distillate was ob- 
tained which was opaque,owing to the presence of a very 
small quantity of essential oil, possessing the character- 
istic ole of the flowers. Sowe bugs and ants were put 
along with a portion of this odorous substance under 
a bell giass. but after eight hours they were as lively 
as ever, entirely unaffected by the volatile essence. M. 
Jousset de Bellerme has already shown that the essen- 
tial oil of Pyrethrum carneum is without influence on 
insect life, and the same is also true of the pyrethram 
of the Caucasus. We may recall the fact that Hirsch- 
sohn has recently come to the same conclusion. Con- 
tinuing bis work, M. Eymard extracted the resinous 
matter of the powder by means of ether, obtaining 56 
per cent. of dry product, 38 of it being fatty matter 
and 18 resin. Av alcoholic solution of the entire resi- 
due was placed on paper, the alcohol allowed to evap- | 
orate, and sowe insects placed on the paper. Imme- 
diately the insects showed symptoms of much agita- 
tion, and within five minutes they died. A solution of 
the resin alone had exactly the same effect. Alcoholic 
and aqueous extracts of the powder were also made, but 
these proved to be innocuous to insects, aod M. Eymard 
concludes that there is no doubt that it is the ether- 
soluble resin which is the insect-killing constituent, 
and that the finer the powder is, the more active is it. 
The following is the result of the complete analysis of 
the powder : 

Besential oil, ....... 
Fatty bodies, soluble in ether. . 
Resin, soluble in ether .......... — 


Brown resin. solubie in aleohol.. 48 
Vegetable alburwen.... 
Gummy matter ........... 
and starch................ 85 


The ash--7°S5 per cent.—consisted of potassium 
chloride, 


104; calei carbonate, 415; calcium phos-* 


Each nuwber contains abaut forty large pages, 


|im colors and with fine engravings, 


| moderate cost as well as the more expensive. 


The puzzle is to look at the cut and without measur- 
ing say which is the greater distance—across the top of 
the hat, or from top to bottom. Then put your own 
haton the table, about a yard in front of you, and 
earefally reconsider the problem. When you have 
made = your mind, take a foot rule and measure your 
hat both ways, 
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